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The Virginia Electric and Power Company Yorktown Power Station, 
located on the south shore of the lower York River, Virginia is a fossil 
' 
fuel burning facility originally consisting of two units. These units 
had a combined generating capacity of 346 MW and required a combined 
cooling water flow of 220,000 gallons per minute at pE~ak load. The cool-
ing water was taken from the river through an intake c:anal bounded by 
jetties that extended 360 m into the river, and was rE~turned to the 
river at the shore line, approximately 450 m east of the intake. 
The temperature rise of the cooling water during passage through the 
condensers was 8-9 C, and the resultant surface water temperature 
in the discharge plume declined from this elevated level to the ambient . 
river water temperature within a zone extending approJcimately 500 m from 
shore. Previously heated water was able to enter the intake canal during 
early flood tide conditions. 
During 1972 and 1973, VEPCO constructed a third generating nnit, 
with a generating capacity of 845 MW, and which was to incresse the total 
cooling water flow through the power plant from 220,000 gallons per minute 
to 1,000,000 gallons per minute. In order to comply with Virginia state 
water quality standards for estuarine waters, which specify max~ allow-
able temperature rises of 4.0 F (Sept.--May) and 1.5 F (June--Aug.) outside 
of mixing zone boundaries (Virginia State Water Control Board, 1974), VEPCO 
constructed a submerged offshore diffuser discharge that was designed to 
effect rapid mixing of the cooling water with the river water, thereby 
achieving an acceptable resultant plume temperature. 
In order to assess the ecological impact of the operation of the 
diffuser discharge, VEPCO undertook to sponsor a fielci study of the water 
1 
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quality and biota of the lower York River. The study was to consist of a 
two year pre-operational phase to begin in April 1972, and a two year 
operationalphas~ to begin in the spring of 1974 when Unit 3 was 
expected to begin operating. The Virginia Institute of Marine Science 
agreed to perform the study, and this report presents the results of the 
pr&operational segment. It is not certain if VEPCO will sponsor an 
operational study. 
The pre-operational study consisted of three operationally 
separate parts: a study of water quality parameters and planktonic biota, 
a study of macrobenthic invertebrates, and a study of fish and major 
decapods. This report is presented in three sections, corresponding 
to these three sub-studies. 
Section I 
Water Quality and Plankton 
by 
R. A. Jordan 
3 
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WATER QUALITY AND PLANKTON 
Introduction 
Sampling for water quality and plankton was perfonned ·on a monthly 
schedule from April 1972 through December 1974. I The study was to have 
proceeded from phase 2 (preoperational study) to phase 3 (operational 
study) when Yorktown Power Station Unit 3 began operating. Because of 
construction delays and equipment failures relating to this unit, the 
point in time when it became "operational" was difficult to define. 
Consequently it was decided to terminate phase 2 after the April 1974 
sampling, and to prepare a final preoperational report including the 
25 months of data collected up to that time. Sampling was continued, to 
maintain the continuity of the study, and with the idea that the true 
phase 3 of the study would begin when the problems of Unit 3 had been 
resolved. 
When it was decided in December 1974 that there would be no 
continuation of the study into 1975, we were left with two sets of data; 
the April 1972-April 1974 data block, that had been collected prior to 
any operation of Unit 3 and had been analyzed as a unit, and the May-
December 1974 data block that had been collected during a period of 
intennittent operation of Unit 3, and had not been analyzed. For the 
preparation of this final report it was decided to keep these two data 
sets separate, partly to avoid rerunning all the statistical analyses 
already completed on the first set, thereby expediting completion of the 
report, and partly because of possible effects of intermittent operation 
of Unit 3 during the collection of the second set. Therefore the main 
body of this section of the report consists of the presentation 
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and discussion of the data collected during the first two study years. 
Following this is a shorter section containing the data from the third 
study year, analyzed by methods similar to those applied to the first 




The stations indicated in Table 1 and Figure 1 were chosen for use in the 
monthly sampling runs for water quality :parameters and :plankton. Stations 1 
through 6 were included throughout the study, and station 7 was added in March 
19'73. The stations were usually occupied in the order 1, 2, 3, 6, 7, 5, 4 and 
sampling at the last station was usually completed within three hours of the 
start of the sampling at station 1. Tables 2, 3, and 4 :present the sampling 
times in relation to the :predicted times of low slack water at Yorktown (u.s. 
Department of Commerce 1971, 1972, 1973). 
Samples for determination of temperature, salinity and dissolved oxygen 
were taken at 2 meterintervals between the water surface and 1m above the 
bottom. From April 1972 through February 1973 these samples were taken at 
stations 1 through 4 only, and stations 5 through 7 were included beginning 
in March 1973. 
On the first sampling date (April 6, 1972) a Van Dorn bottle was used, 
:proceeding from the surface downward. From May 1972 through April 1973 
samples were :pumped to the surface through a hose leading from a submersible 
:pump that was lowered to the desired sampling depths. Samples for temperature 
determinations were held in a Thermo~ bottle during measurement. In May 1973 
a Van Dorn bottle replaced the :pumping apparatus, and was used in all subsequent 
sampling runs. Sampling :proceeded from the bottom upward, and temperatures 










Table 1. Locations of sampling stations for water Quality 
and plankton. 
N latitude W longitude Description 
On transect between Sandy Point 
and Tue Point 
On transect. between Allens 
Island and Goodwin Neck 
On transect between Gaines Point 
and VEPCO power station 
On transect between Yorktown 
and VIMS 
West of Coast Guard pier, depth 
approx. 9 m 
North of V.E:PCO outfall channel, 
depth approx. 9 m 
VEPCO outfall channel mouth, 







Figure 1. Locations of sampling stations for water quality 
and plankton, lower York River. 
00 
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Table 2. Sampling dates and times for water quality- and plankton. 1972 
Times 
Date Arrival at Low slack Arrival at 
(1972) Station 1 at Yorktown Station 4 
Apr. 6 1100. (EST) 1102 (EST) 1330 (EST) 
May 5 1030 (EDT) 1124 (EDT) 1325 (EDT) 
Jun. 15 0930 (EDT) 0922 (EDT) 1200 (EDT) 
Jul. 7 1045 (EDT) 1503 (EDT) 1315 (EDT) 
Aug. 15 1100 (EDT) 1020 (EDT) 1240 (EDT) 
Sep. 14 1000 (EDT) 1025 (EDT) 1225 (EDT) 
Oct. 17 1040 (EDT) 1348 (EDT) 1210 (EDT) 
Nov. 17 1330 (EST) 1403 (EST) 1520 (EST) 
Dec. 14 1030 (EST) 1130 (EST) 1250 (EST) 
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Table 3. Sampling dates and times for water quality and plankton. 1973 
Times 
Date Arrival at Law Slack Arrival at 
(1973) Station 1 at Yorktown Station 4 
Jan. 12 1020 (EST) 1101 (EST) 1245 (EST) 
Feb. 12 1230 (EST) 1312 (EST) 1445 (EST) 
Mar. 13 1120 (EST) 1302 (EST) 1345 (EST) 
Apr. 9 0940 (EST) 1024 (EST) 1230 (EST) 
May ·s 0950 (EDT) 1109 (EDT) 1345 (EDT) 
Jun. 6 0915 (EDT) 1043 (EDT) 1245 (EDT) 
Jul. 6 1005 (EDT) 1104 (EDT) 1400 (EDT) 
Aug. 3 0920 (EDT) 0931 (EDT) 1220 (EDT) 
Sep. 4 1000 (EDT) ll34 (EDT) 1240 (EDT) 
Oct. 3 0940 (EDr) 1050 (EDT) 1345 (EDT) 
Nov. 2 0930 (EST) 1006 (EST) 1240 (EST) 
Dec. 3 0945 (EST) 1117 (EST) 1240 (EST) 
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Table 4. Sampling dates and times for water quality and plankton. 1974 
Times 
Date Arrival at Low Slack Arrival at 
(1974) Station l at Yorktown Station 4 
Jan. 15 1045 (EDT) 1202 (EDT) 1350 (EDT) 
Feb. 12 0940 (EDT) 1028 (EDT) 1255 (EDT) 
Mar. 15 1120 (EDT) 1204 (EDT) 1434 (EDT) 
Apr. 11 0856 (EDT) 0933 (EDT) 1124 (EDT) 
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Samples for pH, alkalinity, nutrient and chlorophyll determinations were 
taken at stations 1 through 4 from April 1972 through February 1973. Stations 
5 through 7 were included starting in March 1973. A Van Dorn bottle was 
used throughout the study, and samples were taken at depths of 1m below surface 
and 1m above bottom at stations 1-5, at these two depths and at mid-way to the 
bottom at station 6, and at 1m below the surface at station 7· The samp~es 
for alkalinity, nutrients and chlorophyll were preserved with mercuric chloride 
(40 mg/1), with storage on ice until transfer to a labor~tory refrigerator. 
Samples for pH were stored in glass stoppered bottles until return to the lab-
oratory. 
Phytoplankton samples were taken with a Van Dorn bottle at the nutrient 
sampling depths. Stations 1 through 6 were included throughout the study, and 
station 7 was added in March 1973. Lugol's iodine solution was used as the 
preservative. 
Zooplankton ~amples were obtained with a No. 20 (7~) mesh net, which 
was suspended below the water surface during the time the other samples were 
being taken. Stations 1 through 4 were included from April 1972 through February 
1973, and stations 5 and 6 were added in March 1973· Station 7 was sampled March 
through May 1973, but was dropped due to net clogging problems. The organisms 
retained by the net were preserved with 5% buffered formalin. 
Transparency was measured at all nutrient sampling stations with a Secchi 
disk. 
Two stations were established for monitoring levels of copper, cadmium, 
and zinc in shellfish. One of these is located at the offshore end of the VEPCO 
intake channel, while the other is adjacent to the VIMS tide gauge pier. On 
November 30, 1972 approximately two dozen oysters (Crassostrea virginica) and 
two dozen hard clams (Mercenaria mercenaria) were suspended in baskets constructed 
I. 
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_of PVC pipe and nylon netting at each station. The oysters were obtained by 
dredging off Smoky Point near Waterview, in the Rappahannock River, while the 
clams, which had been harvested commercially from Poquoson Flats in Chesapeake 
Bay, were purchased from Wythe Creek Seafood Company, in York County. Ten 
of each species were retained for determination of initial metal levels. Sub-
sequent analyses were performed on similar groups of 10 recovered from each 
station February 12, 1973. 
On June 22, 1973 a second attempt was made to recover shellfish from 
the incubation baskets. However, it was found that the basket at the VEPCO 
intake station had been vandalized, leaving only torn netting and a single 
clam. This clam, along with 10 clams and 10 oysters from the VIMS station 
were taken for analysis. It was decided not to restock the VEPCO basket 
until construction activity in its vicinity had been completed. 
On January 17, 1974,10 oysters of the original batch were recovered from 
the VIMS basket and analyzed. Both the VIMS and VEPCO baskets were stocked 
with new batches of shellfish, and were placed for incubation on January 22, 
1974. On April 19, 1974, 10 clams and 10 oysters were recovered from each 
basket for analysis. 
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Analysis 
Temperature: On the first three sampling dates (.April 6, May 5, June 
15), water temperatures were measured with a thermistor probe (ARAmodel 
ET 100 M) borrowed from the Department of Physical Oceanography. This 
instrument could be read to hundredths of a degree centigrade. It became 
unavailable after the June sampling run, and on the July 7 and August 15 
runs a less sensitive instrument (Beckman model RS5-3) was used. On September 
14, the Beckman probe was replaced with a third instrument (YSI model 43TD) 
which has been used in all subsequent runs. Both. of the latter two instruments 
can be read to tenths of a degree centigrade. 
Salinity: Salinities were measured in terms of electrolytic conductivity 
(relative to standard sea water) on a Beckman model RS-7B Induction Salinometer, 
with subsequent conversion to salinity. This instrument can be operated 
with an accuracy of ± .003 ppt and a resolution and repeatability of .0004 
ppt salinity. Samples can be processed at the rate of 500 per day. 
Dissolved oxygen: This parameter was determ.ined by the azide modification 
of the Winkler iodometric method (American Public Health Association et al., 
1971, p. 477). The titration endpoint was detected visually, using a starch 
indicator, in which case a precision of ± .05 mg/1 (± 1 standard deviation) 
is attainable. .Approximately 300 samples can be analyzed in a day. 
pH: On the first two sampling dates pH measurements were made on the 
boat, using a Leeds and Northrop model 7417 field pH meter. Prior to the 
June run this instrument was found to be inoperative, and on this and all 
subsequent runs measurements were made in the laboratory, using either a 
Coleman model 39 or a Fisher Titrimeter ®model 36. 
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Alkalinity: Total alkalinity was determined by titrating potentia-
metrically, using a Fisher Titrimeter ®model 36. The procedure followed 
was the one recommended in American Public Health Association et al.(l97l), 
·p. 55, for low alkalinity samples. With this method a precision of .! l mg 
Caco3 /1 (~ l standard deviation) and an accuracy of.! 3 mg Caco3 /1 (.02 
and .06 meq-1, respectively) are attainable in the range between 10 and 500 
mg Caco3jl. Approximately 40 analyses can be performed per day. 
Nitrite and Nitrate-N: These nitrogen forms weredetermined using an 
automated copper-cadmium reduction method (Technicon Autoanalyzer II, 
industrial method No. l58-71W). In this method nitrate is first reduced 
to nitrite by a copper-cadmium reduction column. The nitrite then reacts 
with sulfanilamide under acidic conditions to form a diazo compound, which 
then couples with N-1-napthyl-ethylene-diarnine dihydrochloride, forming a 
reddish -purple azo dye which is read on a colorimeter. Omission of the 
reduction column permits determination of the initial concentration of 
nitrite which is subtracted from the final concentration (following reduction) 
to yield the initial nitrate concentration. The detection limit with this 
method is .1 jJ.g-at N/1, while the coeffecient of variation (95% confidence 
interval at 2.5 jJ.g-at N/1) is quoted as l.l8ofo. Under optimal operating 
conditions the efficiency of the reduction column is 99%· Fifty samples 
can be processed in a day. 
Ammania-N: During most of the study this nitrogen form was determined 
by the distillation and titration method (American Public Health Association 
et al., 1971, p. 224; 245-247). A boric acid solution was used to absorb the 
distillate. In a recent test of the method (Environmental Protection 
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Agency, 1970), it was found that ammonia determinations at <(1 mg/1 
(7-14 ~g-at/1) levels were subject to a variable, generally negative bias, 
suggesting incQrrplete recovery of the ammonia by distillation. In addition, 
' 
standard deviations were 32-56% of the levels tested and 95% confidence 
intervals were ± 60-100% of the calculated mean levels, implying problems 
with the titration step as well. Twenty-four analyses could be performed 
per day. In February 1974 an automated method, employing the Tecbnicon 
Autoanalyzer II was substituted for the distillation and titration method. 
A blue indophenol complex is formed when ammonia is reacted with sodium 
phenate followed by addition of sodium hypochlorite. About fourteen 
analyses can be performed per hour. 
Organic N: Dissolved and particulate organic nitrogen fractions were 
determined, using the Kjeldahl method on filtered and unfiltered samples, 
respectively. The ammonia liberated by digestion was distilled into boric 
acid and titrated with sulfuric acid. Concentrations in terms of organic 
N were obtained from the Kjeldahl results by subtracting the ammonia concen-
trations that had been determined independently. A test by the Environmental 
Protection Agency (1970) indicated that at Kjeldahl-N levels of .2-.3 mg/1 
(14.3-21.4 ~g-at/1) the method was subject to a positive bias of 5-16%, 
probably due to contamination with ammonia during analysis. Standard 
deviations approximated 75-85% of the levels added to natural water samples, 
while 95% confidence intervals were ± 100-200% of the means of the measured 
levels. Twenty analyses can be cqrrpleted in a day. 
Orthophosphate: This phosphorus fraction was determined using an 
automated single solution method (Technicon Autoanalyzer II, industrial 
method No. 155-71W). The detection limit is .08 ~g-at P/1, and the 
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coefficient of variation (95% confidence interval at 2 Jl g-at P/1) is 
quoted as 2. 96%. Fifty samples can be analyzed per day. 
Dissolved and particulate organic P: Membrane filtered ( .45]1 pore 
size) and unfiltered samples were digested by the persulfate oxidation 
technique and run by the single solution method, employing ascorbic acid 
as the reducing agent. The developed samples were read on a Klett-Summerson 
Photoelectric Colorimeter, model 900-3. The gradual :fonnation of a precipi-
tate in the digested samples precluded the use of the Technicon Autoanalyzer. 
In a test of this method (Environmental Protection Agency, 1970) it was 
found that for natural water samples containing total phosphorus concentra-
tions of 120-130 Jlg P/1 (3.9-4.2 ]lg..at/1), the phosphorus was recovered 
with a positive bias of 3-12%, while the 95% confidence intervals were 
± 50-85% of the mean concentrations. Approximately 30 samples can be 
processed per day. 
Carbon: Inorganic, dissolved organic, and particulate organic carbon 
fractions were detennined using a Beckman model 915 total organic carbon 
analyzer. This instrument employs one channel for inorganic carbon, 
which operates at 150 C, and a separate channel for organic carbon, which 
operates at 950 C. It can achieve an accuracy of ± 2% of full scale 
deflection. Forty samples can be analyzed in a day. 
Chlorophyll ~: Concentrations of this phytopigment were measured by 
the fluorescence method, (Yentsch and Menzel, 1963) employing a Turner 
Fluorometer, model 111. The seston in aliquots of the preserved samples 
was concentrated on glass fiber filters, homogenized with 90% acetone, and 
centrifuged to yield extracts that could be read on tl1e instrument. The 
limit of detection with this method is approximately 1 ]lg chlorophyll ~per 
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liter. No corrections were applied to compensate for other pbytopigments 
and pigment breakdown products, which are known to influence the fluorescence 
readings obtained (Loftus and Carpenter, 1971). Therefore the· resulting 
concentrations include a variable and unknown positive bias. 
Metals in shellfish: The oysters and clams to be analyzed were shucked, 
and their wet weights determined. The entire shucked animals were then 
digested in concentrated nitric acid, heated to liquefy the lipid fraction, 
cooled, and filtered through glass wool. Metal concentrations in the 
filtrates were determined using a Varian model AA-5 atomic absorption 
spectrophotometer. The sensitivity of this instrument is .o4 ppm Cu, 
.02 ppm Cd, and .01 ppm zn. Thirty samples can be analyzed per day. 
Phytoplankton: The preserved samples were concentrated by settling, 
and aliquots of the concentrates were observed on a Unitron model BN-13 
inverted microscope, equipped with a Whipple disk ocular grid. Selected 
samples from each date were analyzed quantitatively, and for these the 
plankton within known volumes of the unconcentrated sample (10 ml or 2 ml, 
depending on the population density) was settled directly onto the bottom 
of a counting chamber 126.7 mm2 in area. Counts were made under lOOX (scan 
of the entire cha11ber for large organisms), 200X (two perpendicular transects 
of 10 fields each, or .0193 of the total chamber area), and 4oox (two per-
pendicular transects of 10 fields each, or .oo483 of the total chamber 
area). Aliquots of the concentrates of the remaining samples were scanned 
qualitatively to determine if the dominant species were the same as those 
found in the counted samples. Organisms were identified to species when 
possible. 
Zooplankton: Aliquots of the preserved samples were observed under 
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an American Optical dissecting microscope, and the dominant zooplankton 
and meroplankton organisms were identified to the lowest feasible taxa. 
RESULTS - Vertical Depth Profiles 
Data Presentation 
The temperature, salinity, and dissolved oxygen (D.O.) results appear 
in Tables 5 through 29. Dissolved oxygen values for station 4 are missing 
from the June 15, 1972 run, due to loss of the samples. On November 17 
and December 14, 1972 only partial profiles were obtained. Severe weather 
conditions on both of these dates precluded use of the pump and hose sampling 
method, and interfered with accurate determination of sampling depth with 
the Van Dorn bottle. Consequently, only surface, mid-depth, and bottom 
Van Dorn sarrrples were taken. 
The temperature and salinity readings were converted to density 
values, using Table 10 in Bialek (1966). Dissolved oxygen percent satura-
tion values were obtained by comparing the data in Tables 5 through 29 
to a table modified from Carpenter (1966). Both the density and the D.O. 
percent saturation values appear in the tables as well as in the plots in 
Figures 2 through 24. A further data manipulation was conversion of salinity 
values to percent sea water, with the salinity of sea water assumed to be 
35 %o • 
Comparison Among Stations 
Vertical Stratification 
The vertical distributions of density frequently suggested that the 
water column at station 4 was less strongly stratified than at the other 
20 
Table 5 
Vertical Depth Profiles - April 6, 1972 
Station Depth Temp. Sal. Density %Sea ·D.O. % D.O. 
(m) coc) (%o) (g/cm3) Water (mg/1) Sat'n. 
1 0 11.20 16.306 1.01229 46.6 9·03 91.5 
2 11.15 16.192 1.01220 46.3 7.38 74.8 
4 9·85 16.320 1.01249 46.7 7.61 74.7 
6 9·85 16.432 1.01258 47.0 7·77 '76-3 
8 9·70 16.633 1.01275 47.6 7.02 68.8 
10 8.35 20.562 1.01597 58.8 6.15 59·9 
12 8.00 22.030 1.01716 63 .o 5·17 50.5 
14 7·95 22.343 1.01741 63.9 5·27 51.6 
16 7·95 23.799 1.01855 68.1 4.52 44.6 
2 0 10.35 16.217 1.01234 46.4 6.61 65-9 
2 10.10 16.263 1.01240 46.5 7.12 70.4 
4 9·95 16.284 1.01245 46.6 6.59 65.0 
6 9.80 16.537 1.01266 47.3 7.42 73.1 
8 9·10 17.727 1.01367 50·7 5.80 56.6 
10 8·.4o 20.179 1.01567 57.7 6.11 59·6 
12 8.oo 22.827 1.01778 65.3 5·23 51.4 
14 8.00 23.168 1.01805 66.3 3·77 3'7 .1 
3 0 10.15 16.039 1.01223 45-9 7.26 71.6 
2 10.20 16.128 1.01229 46.1 10.39 103.0 
4 9·95 16.210 1.01240 46.4 8.95 88.1 
6 9·93 16.228 1.01241 46.4 6.29 61.9 
8 9·40 17.136 1.01318 49.0 6.oo 48.9 
10 8.45 20.409 1.01584 58.4 4.16 34.8 
12 8.01 22.373 1.01742 64.0 4.30 42.1 
4 0 11.00 15.759 1.01190 45.1 6.13 61.8 
2 10.75 15.894 1.01203 45.5 10.45 104.9 
4 10.25 16.263 1.01238 46.5 10.49 104.0 
6 9.80 16.776 1.01285 48.0 9·17 90·3 
.8 9.00 18.368 1.01419 52.5 7.00 68.4 
10 8.68 18.537 1.01435 53 .o 7.38 71.6 
12 8.65 18.949 1.01467 54.2 7-57 73.8 
14 8.55 19.238 1.01491 55.0 7.14 69·5 
16 8.75 18.649 1.01443 53·3 7·51 73.2 
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Table 6 
Vertical Depth Profiles - May 5, 1972 
Station Depth Temp. Sal. Density %Sea D.O. % D.o. 
(m) (oc) ( %o) (g/cm3) Water (mg/1) Sat'n. 
l 0 17.5 
1 14.514 1.00981 41.5 7.65 87.4 
2 18.0 14.609 1.00978 41.8 7.41 85.7 
4 1T .8 l'( .162 1.01177 49.1 5.63 65.7 
6 15.9 19.144 1.01367 54.8 5.46 62.1 
8 15.4 21.305 1.01541 60.9 5·57 63.5 
10 13.7 21.662 1.01601 62.0 5·54 61.0 
12 13 .o 
14 12.8 
2 0 17.4 14.311 ·1.00968 40.9 7.02 80.0 
1 17.5 14.304 1.00965 40.9 7.16 81.8 
3 17.3 14.321 1.00971 41.0 6.69 75.2 
5 17.2 14.592 1.00993 41.7 7·63 86.6 
T 15·9 17.036 1.01207 48.7 5·52 62.0 
9 13.8 18.627 1.01367 53·3 5.42 59-0 
11 13 ·3 20.500 1.01519 58.6 5-65 61.4 
13 13 ·3 21.493 1.01596 61.5 5-71 61.9 
3 0 17.5 13.437 1.00899 38.4 6.83 77.6 
1 17.6 13.437 1.00898 38.4 7-69 87.7 
2 17 ·3 13.692 1.00923 39.2 6.38 72.3 
4 16.3 16.117 1.01129 46.1 5·69 64.0 
6 15.7 16.580 1.01174 47.4 5-42 6o.4 
8 14.0 18.949 1.01387 54.2 5-48 6o.o 
10 13.4 20.147 1.01491 57.6 5.18 56.3 
12 J3.2 21.441 1.01593 61.3 7-57 82.5 
4 0 17.8 14.052 1.00941 40.2 7.18 82.4 
1 17.8 14.521 1.0097'7 41.5 7.00 8o.4 
3 16.8 15.342 1.01059 43.9 7.14 80.9 
5 16.6 15.731 1.01092 45.0 5-77 65.4 
7 15.7 16.847 1.01195 48.2 5·54 62.0 
9 15.2 17·355 1.01244 49.6 5.40 6o.o 
11 14.6 18.505 1.01343 52·9 5·11 56.5 
13 14.0 19.496 1.01429 55.8 4.34 47.6 
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Table 7 
Vertical Depth Profiles - June 15, 1972 
Station Depth Temp. Sal. Density %Sea D.O. o/o D.O. 
(m) coc) (%o) (g/cm3) Water (mg/1) Sat'n. 
l 0 ·2o.68 15.81 1.01009 45.2 6.02 73·7 
2 2o.67 15.90 1.01016 45.5 5·72 70·3 
4 20.65 l6.o4 1.01027 45·9 6.02 73 ·9 
6 20.65 16.22 1.01041 46.4 5.24 64.3 
8 20.45 16.48 1.01066 47.1 5.60 68.5 
10 19·97 17.85 1.01180 51.0 5·30 64.9 
12 19.75 18.22 1.01213 52.1 4.30 52.4 
14 19.72 18.68 1.01249 53.4 4.82 58.9 
16 19.70 18.82 1.01259 53.8 4.66 57·0 
18 19.50 19.67 1.01330 56.2 4.18 51.1 
20 19.20 20.48 1.01397 58.6 3·96 48.4 
22 19.50 20.48 1.01390 58.6 3.43 42.2 
2 0 21.08 15.53 1.00978 44.4 5·90 72.4 
2 2l.05 15·54 1.00980 44.4 5·76 7l.2 
4 20.85 15.61 1.00990 44.6 5.24 64.4 
6 20.85 15.89 1.01011 45.4 5.40 66.5 
8 20.50 16.10 1.01035 46.0 5.68 69·3 
10 20.42 16.57 1.01072 47.4 5·34 65.0 
12 20.48 16.93 1.01099 48.4 5.58 68.0 
14 20.50 16.87 1.01093 48.2 5.16 63.1 
3 0 21.12 15.42 1.00969 44.1 5.10 63.0 
2 20.90 15.44 1.00976 44.2 4.92 6o.5 
4 20.72 15.63 1.00994 44.7 5.60 68.5 
6 20.71 15.86 1.01012 45.4 5.24 64.3 
8 20.68 16.11 1.01031 46.1 5.64 69.3 
10 20.30 16.48 1.01069 47.1 5.08 62.1 
12 20.38 17 ·52 1.01145 50·3 4.40 54.1 
14 20.00 18.73 1.01246 53.6 4.04 49·7 
4 0 20.98 15.26 1.00960 43.6 
2 21.32 15.29 1.00954 43.7 
4 21.28 15.34 1.00959 43 ·9 
6 21.39 15.20 1.00946 43.5 
8 21.25 15.40 1.00964 44.0 
10 21.08 15.53 1.00978 44.4 
12 21.05 15.49 1.00976 44.3 
14 20.92 15.63 1.00990 44.7 
16 20.91 15.66 1.00992 44.8 
18 21.04 15.73 1.00994 45.0 
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Table 8 
Vertical Depth Profiles - July 7, 1972 
Station Depth Temp. Sal. Density %Sea D.O. ofo D.O. 
(m) (Oc) ( %o ) (g/cm3) Water (mg/1) Sat'n 
1 0 23.3 11.577 1.00626 33.1 7·59 95-8 
•') 
L 23.5 11.570 1.00619 33.1 7·47 94.5 
4 23.4 11.574 1.00622 33.1 7·55 95·4 
6 23.3 11.601 1.00627 33.2 '7 .19 90.6 
8 23.1 12.159 1.00674 34.8 6.5'7 84.1 
10 21.7 19·958 1.01296 57.1 3.23 41.3 
12 .. 1.4 18.884 1.01223 5~·. 0 2. 53 31.9 
14 20.6 21.060 1.01401 ·''-' .2 2.07 26.1 
16 20.7 21.592 1.01445 ol.8 2.07 26.2 
2 0 23.8 11.262 1.00589 32.2 7 ·39 93.8 
2 23.9 11.265 1.00586 32.2 6.83 86.9 
4 23.9 11.272 1.00586 32.2 6.91 87·9 
6 23.9 11.313 1.00589 32.4 6.67 84.9 
8 23 ·5 12.618 1.00698 36.1 4.66 59·3 
10 23.1 14.385 1.00841 41.1 3. 53 45.1 
12 22.5 16.327 1.01003 46.7 2.89 36.7 
14 20.9 21.592 l.Ol44o 61.8 2.31 29.5 
. 16 20.8 21. 64'7 1.01447 61.9 2.03 25.7 
3 0 23.3 10.896 1.005'75 31.2 6.45 '81.0 
2 23.5 10.989 1.00575 31.4 6.43 81.0 
4 23 .~. 11.546 1.00620 33.0 6.12 77·3 
6 23.4 12.722 1.00708 36.4 5.12 65.1 
8 23.1 13.309 1.00761 38.1 4.22 53.5 
10 23-3 14.297 1.00830 40.9 3.82 48.9 
12 23.4 14.511 l.008l+3 41.5 3 .6·r 47.0 
4 0 23.3 9.641 1.00500 27.6 6.8'7 85·9 
2 23.4 9·871 1.00500 28.2 6.83 85.4 
l~ 23.5 9·966 1.00500 28.5 6.67 84.0 
6 23.2 10.450 1.00543 29·9 6.22 77·9 
8 23.1 11.180 1.00601 32.0 3.80 4(.6 
10 23.4 14.986 1.00904 42.9 3.61 45.5 
12 22.1 16.455 1.01023 47.1 2.95 37.3 
14 22.0 1'7. 423 1.01098 49.8 2.49 31.6 
16 22.2 17.484 1.01097 5~).0 2.71 34.4 
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Table 9 
Vertical Depth Profiles - August 15, 1972 
Station Depth Temp. Sal. Density %Sea ·D.O. % D.O. 
(m) coc) (%o) (g/cm3) Water (mg/1) Sat'n 
1 0 26.7 15.11 1.00795 43.2 6.43 88.1 
2 26.8 15.16 1.00796 43.4 7·23 99·0 
4 26.6 15.12 1.00799 43.2 6.87 93 ·9 
6 26.4 15.19 1.00811 43.4 6.74 91.4 
8 26.4 15.29 1.00818 43 ·7 6.59 89.4 
10 26.2 15.58 1.00846 44.6 5.62 76.3 
2 0 26.8 15.13 1.00794 43 ·3 8.08 110.8 
2 26.6 15.11 1.00798 43.2 6.81 93 .o 
4 26.7 15.14 1.00798 43.3 6.o6 83.0 
6 26.4 15.65 1.00845 44.8 4.15 56·7 
8 26.1 16.19 1.00893 46.3 3.08 41.9 
10 25.8 17·57 1.01006 50.3 2.21 30.2 
12 25.6 19.05 1.01121 54.5 1.74 23.8 
14 25.6 19.15 1.01129 54.8 1.79 24.5 
3 0 26.8 14.65 1.00759 41.9 6.70 91-7 
2 26.8 14.78 1.00768 42.3 5·57 76.2 
4 26.5 15.13 1.00803 43.3 6.38 87.0 
6 26.1 15.68 1.00855 44.8 4.47 6o.6 
8 26.0 4.68 
10 26.2 16.43 1.00909 47.0 2.87 39-1 
4 0 27.0 14.28 1.00726 4o.8 7·23 99·1 
2 26.5 15.05 1.00797 43 .o 5·47 74-7 
4 26.3 15.59 1.00844 44.6 4.32 58.7 
6 26.5 15.60 1.00838 44.6 4.74 64.6 
8 26.4 15.63 1.00844 44.7 1.70 23.2 
10 26.3 15.60 l.oo844 44.6 ·98 13 ·3 
12 26.2 15.61 1.00848 44.6 1.06 14.4 
14 26.5 15.66 1.00843 44.8 
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Table 10 
Vertical Depth Profiles - September 14, 1972 
Station Depth Temp. Sal. Density %Sea D.O. % D.O. 
(m) coc) (%o) (g/cm3) Water (mg/1) Sat'n. 
1 0 23.8 16.979 1.01018 48.6 6.53 85.4 
2 23.8 17.072 1.01025 48.8 6.31 82.8 
4 23.8 17.187 1.01034 49.2 6.07 79·3 
6 23.3 18.026 1.01110 51.6 4.60 59·6 
8 23.2 20.533 1.01300 58·7 4.34 57.2 
10 23.2 21.779 1. 01394 62.3 4.38 58.1 
12 23.2 22.133 1.01420 63 ·3 4.18 55·5 
14 23.6 22.207 1.01415 63.5 4.22 56·5 
2 0 24.0 16.897 1.01005 48.3 6.91 90.8 
2 23.8 16.933 1.01014 48.4 6.51 85.4 
4 23.6 1'7 .133 1.01034 49.0 6.41 83.6 
6 23.1 18.624 l.Oll60 53·3 5.85 ·r6.2 
8 23.1 20.614 1.01309 59·0 4.28 55.8 
10 23.0 21.096 1.01348 60.3 4.36 57-5 
12 23.1 21.206 1.01354 6o.6 4.14 . 54.6 
14 23.2 21.071 1.01340 60 .. 3 3.98 52·5 
3 0 23 ·9 16.990 1.01016 48 .. 6 6.33 82.9 
2 23·9 17.154 1.01028 49 .. 1 5.91 77·5 
4 23 ·9 17.430 1.01049 '49.8 5·79 76.0 
6 23.5 18.278 1.01122 52.3 4.40 57.6 
8 23.2 19.594 1.01230 56.o 4.28 56.0 
10 23.1 20.077 1.01269 5(.4 4.20 55-0 
12 23.2 21.206 1.01351 6o.6 3.86 51.1 
14 23.8 21.261 1.01339 6o.8 3.78 50.4 
4 0 23.9 l7. 620 1.01063 50.4 6.03 79·3 
2 24.0 17.706 1.01066 50.6 5· 73 75.6 
4 24.0 17.727 1.01067 50·7 6.27 82.7 
6 24.0 17.749 1.01069 50.8 5· 53 72-9 
8 23 ·9 17.868 1.01082 51.1 5·05 66.5 
10 23.8 17 ·993 1.01094 51.5 5.43 71.5 
12 23.8 18.202 1.01109 52.0 4.84 63.8 
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Table 11 · 
Vertical Depth Profiles - October 17, 1972 
Station Depth Temp. Sal. Density % Sea n.o. % D.o. 
(m) (oc) (%o) (g/ cm3) Water (mg/1) Sat 'n. 
1 0 18.0 17.98 1.01234 51.4 6.6o 77.6 
2 18.1 18.11 1.01242 51.8 6.32 74.5 
4 18.1 18.55 1.01275. 53.1 8.20 96·5 
6 18.1 20.18 1.01400 57·7 7 ·30 87.2 
8 18.2 21.14 1.01470 60.5 7.10 85.2 
10 18.6 23.54 1.01642 67.3 6.32 78.3 
12 18.8 23.75 1.01654 67·9 5.80 71.0 
14 18.9 23.56 1.01638 67.4 6.90 85.0 
2 0. 18.1 17 ·93 1.01228 51.3 8.52 100.0 
2 18.2 18.23 1.01249 52.1 7·90 93·3 
4 18.1 18.55 1.01275 53 .o 6.98 82.3 
6 18.2 20.31 1.01407 58.1 6.40 76.5 
8 18.6 22.06 1.01530 63.1 6.10 73.4 
10 18.7 23.27 1.01620 66.6 7.02 86.o 
12 18.9 24.27 1.01692 69.4 7·78 96.4 
14 19.0 23.52 1.01632 67.3 7·98 98.6 
3 0 17·9 15.50 1.01048 44.3 7.6o 88.1 
2 18.2 17.94 1.01227 51·3 7·90 93.4 
4 18.3 19.32 1.01330 55·3 8.oo 95·2 
6 18.5 20.13 1.01387 57.6 7·50 90.1 
8 18.7 22.63 1.01571 64.7 7.20 88.1 
10 18.8 22.93 1.01592 65.6 7·58 93.1 
12 18.9 22.52 1.01559 64.4 7·50 92.1 
4 0 17.7 13.66 1.00913 39.1 7·98 91.2 
2 18.3 19.52 1.01345 55.8 8.02 95.6 
4 18.7 21.02 1.01449 6o.1 7·30 88.5 
6 18.9 22.31 1.01543 63.8 7.02 86.1 
8 19.0 22.80 1.01577 65.2 6.30 77·7 
10 19.0 22.93 1.01587 65.6 6.oo 73·9 
12 19.2 22.34 1.01538 63 ·9 6.38 75.8 
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Table l2 
Vertical Depth Profiles - November rr, 1972 
Station Depth Temp. Sal. Density %sea D.O.* % D.o.* 
(m) (oc) (%o) (g/cm3) Water (mg/;L) Sat'n. 
l l 12.0 17-'73 1.01328 50-7 ll.ll 116.o 
7 11.9 17.82 1.01337 51.0 ll.33 117·9 
14 ll-9 1{.81 1.01336 51.0 11.67 121.0 
2 l 11.9 17.08 1.01280 48.8 12.66 131.0 
8.5 12.8 19.41 1.01445 55·5 9.84 106.2 
17 13-9 21.56 1.01590 61.5 14.78 164.0 
3 l 12.1 17.67 1.01322 50-5 10.55 uo.o 
6.5 12.8 18.18 1.01350 51.9 10.00 106.0 
13 13.6 20.47 1.01511 58.5 8. 6'7 94.8 
4 l 11.8 16.41 1.01229 47.0 ll.ll . 114.2 
ll 12.9 18.73 1.01390 53.5 9·56 102.0 
22 13.8 20.34 1.01498 58.0 13 .ll 144.0 
* Unreliable due to sampling problems. 
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Table 13 
Vertical Depth Profiles - December 14, 1972 
Station Depth Temp. Sal. Density .. %Sea D.o. % D.O. 
(m) (Oc) (%o) (g/cm3) Water (mg/1) Sat'n. 
1 1 9·5 17.197 1.01322 49.0 9·69 95-0 
7 9·5 17.451 1.01342 49.8 9·79 96.4 
14 9·5 17.781 1.01367 50.7 9·39 92·5 
2 1 9·5 16.626 1.01277 47.5 9·19 88.9 
7 9·5 18.653 1.01436 53.3 9·89 96·9 
14 9·2 18.855 1.01455 53 ·9 9·19 90.5 
3 1 9·5 15.512 1.01191 44.4 9.41 91.0 
7·5 9·5 17.814 1.01370 51.0 8.79 86.6 
15 9·5 18.721 1.01440 53 ·5 (10.18)* (99-6)* 
4 1 9·5 14.546 1.01115 41.5 9·39 90·5 
10 9·5 18.432 1.01418 52.7 9·29 92.0 
20 9·5 18.436 1.01419 52·7 5-33 52·7 
* Probably contaminated. 
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Table 14 
Vertical Depth Profiles - January 12, 1973 
Station Depth Temp. Sal. Density % Sea D.O. % D.O. 
(m) (oc) (%o) (g/cm3) Water (mg/1) Sat. 'n 
l 0 4.o 14.39 1.01149 41.1 10.0 83.3 
2 4.0 14.40 1.01150 41.2 10.3 85·9 
4 4.0 14.48 1.01156 41.4 9·9 82.5 
6 4.8 16.02 1.01274 45.8 9·7 83·9 
8 4.8 19.43 1.01543 55·5 9·4 83.4 
10 4.8 21.40 1.01697 61.1 9·0 81.5 
12 4.8 22.06 1.01750 63.1 9·3 84.5 
2 0 4.o 14.26 )..01139 40.7 7.62 63 ·5 
2 4.0 14.33 )..01144 41.0 7·8 65.0 
4 4.0 14.45 1.01154 41.3 7·9 65.8 
6 4.6 15.45 1.01229 44.1 9·2 78·9 
8 5·0 18.57 )..01475 53·0 9·1 so.o 
10 5.2 21.31 1.01687 6o.8 9·58 87.0 
3 0 4.0 l3 .86 1.01107 39·6 6.o 49.8 
2 4.o 13.91 1.01111 39·8 5·7 47·3 
4 4.0 14.16 1.01131 4o.4 6.5 54.3 
6 4.7 14.66 1.01165 41.8 5· 58 47·5 
8 5·2 16.56 1-01314 47.3 5.8 50·9 
10 5·3 20.38 1.01613 58.1 4.2 38.2 
12 5·3 22.58 1.01787 61~.4 2.6 24.o 
4 0 4.1 14.91 1.01189 42.6 8.2 68.6 
2 4.2 14.92 1.01190 42.7 7·1 59·7 
4 4.2 14.93 1.01190 42.7 6.9 57·9 
6 4.8 14.98 1.01191 42.8 6.32 54.3 
8 5·0 16.25 1.01292 46.4 5·58 48.5 
10 5·0 17.07 1.01356 48.7 4.7 41.2 
12 5·1 18.29 1.01450 52.2 5·9 52.4 
14 5.1 18.19 1.01442 52.0 6.2 55·1 
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Table 15 
Vertical Depth Profiles - February 12, 1973 
Station Depth Temp. Sal. Density %Sea D.O. % D.o. 
(m) (°C) (%o) (g/cm3) Water (mg/1) , Sat. 'n 
1 0 3.1 u.68 1.00937 33·3 10.74 86.6 
2 3.2 11.90 1.00954 34.o 10.82 88.2 
4 3.2 14.03 1.01123 40.1 10.24 83.6 
6 3.2 15.39 1.01231 43.9 10.36 80.5 
8 3·3 15.69 1-01255 44.7 10.02 82.9 
10 3·3 15.7'7 1.01262 45.0 9.82 81.1 
12 3·5 16.01 1.01279 45.8 9-74 81.1 
2 0 3·9 12.03 1.00962 34.4 10.48 85·7 
2 3-8 12.52 1.01001 35.8 10.30 84.5 
4 3-8 13.84 1.01106 39·5 9.82 81.2 
6 3·1 14.92 l.Oll94 42.6 9·96 82.0 
8 3-8 15.18 1.01212 43-3 9-86 82.2 
10 3·4 15.46 l-01235 44.1 9·58 79·5 
12 3-7 15-59 1-01246 44.5 9.42 78.4 
14 3·3 15.62 1.01250 44.6 (10.94) (90.4) 
3 0 3·9 12.04 1.00963 34.4 11.63 95·5 
2 3·9 13.19 1.01054 37-6 11.37 93.6 
4 3-8 13-50 1.01078 38·5 10-78 88.9 
6 3.6 14.24 1.01138 4o.6 10.32 85.2 
8 3·9 15-12 1.01207 43.2 10.44 87.0 
10 3-9 15-52 1.01239 44.4 9·52 8o.o 
12 3-9 15-90 1-01269 45.4 9·te 80.9 
14 3.8 16.23 1-01295 46.3 9-24 77·7 
4 0 3.6 9.38 1.oo8oo 26.8 1o.66 94.2 
2 3·9 11.56 1.00925 33-0 9-50 77·5 
4 4.0 12.89 1.01030 36.8 11.39 93.8 
6 4.o 14.41 1.01150 41.2 8.86 73-8 
8 4.0 14.93 1.01192 42-7 10.04 83-9 
10 4.o 15.08 1-01204 43.0 9·6o 80.5 
12 4.0 15.56 1-01242 44.4 9-32 78.3 
14 4.o 15.80 1.01261 45.1 9.22 77.6 
16 4.1 15.91 1.01268 45-5 9.28 78.2 
18 4.2 16.12 1.01285 46.1 8.69 73 ·9 
20 4.2 16.12 1·01285 46.1 8.25 70.2 
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Table 16 
Vertical Depth Profiles - March 13, 1973 
Station Depth Temp. Sal. Density % Sea D.O. %D.O. 
(m) (oc) (%o) (gjcm3) Water (mg/1) Sat. 'n 
1 0 9·5 14.65 1.01124 41.8 9.22 89.0 
2 9·2 15.20 1.01170 43.4 9.22 88.5 
'4 8.9 15··39 1.01188 43·9 9.28 88.7 
6 8.0 16.14 1.01256 46.1 9.02 84.7 
8 6.8 17.12 1.01344 48.9 8.52 78·5 
10 6.6 20.96 1.01647 59·7 7·72 72.4 
12 6.5 22.62 1.01779 64.8 8.50 80.5 
14 6.4 23.09 1.01817 66.o 8.24 77·0 
16 6.2 23.44 1.01846 67'·0 8.02 75.6 
18 6.2 23.51 1.01852 67.1 7.86 74.0 
2 0 9·8 14.64 1.01119 41 .. 8 8.20 79·6 
2 9·8 14.96 1.01143 42 .. 7 8.50 82.9 
4 9·3 . 15.13 1.01163 43.2 8.98 86.6 
6 9·1 15.19 1.01170 43.4 9.04 86.5 
8 8.2 15.46 1.01201 4~-.1 8.84 83.0 
10 8.4 16.89 1.01311 48.2 8.74 83·5 
12 6.8 20.69 1.01624 59·0 8.6o 8o.8 
14 6.7 21.46 1.01686 61.4 8.64 81.2 
3 0 9·9 13.61 1.01037 38.9 8.14 78.7 
2 9·1 13.88 1.01068 39.6 7·09 67·5 
4 8.1 16.02 1.01244 45.8 7.66 72.0 
6 7·7 17 .o6 1.01331 48.7 6.97 65.5 
8 7·0 18.80 1.01475 53 ° 7 7. 6o 70.6 
10 6.6 7.41 
12 6.4 20.85 1.01641 59.6 8.54 79·4 
14 6.4 21.38 1.01682 61.0 8.26 77·1 
4 o' 10.3 12.08 1.00914 3lJ-, 5 8.34 8o.6 
1 10.0 14.01 1.01067 4o.o 8.20 79·6 
3 9·9 14.37 1.01097 41.0 7.54 72·7 
5 9·9 14.94 1.01141 42.7 7·70 75·1 
7 8.2 15.88 1.01234 45.3 'J.03 67 .o 
9 8.0 16.58 1.01290 47.3 6.73 63.2 
11 7·0 18.09 1.01419 51.6 6.47 6o.3 
13 'J.O 19.16 1.01503 54.6 6.77 63.1 
15 6.8 19.81 1.01555 56.6 6.63 62.0 
17 6.8 20.85 1.01637 59·6 6.53 61.3 
19 6.4 20.49 1.01612 58.6 7·78 72.2 
21 6.4 20.85 1.01641 59·6 7.09 66.0 
23 6.4 21.35 1.01680 61.0 6.99 65.3 
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Table J6 (continued) 
Station Depth Temp. Sal. Density % Sea D.O. %D.o. 
(m) (°C) (%o) (g/cm3) Water . (mg/1) Sat. 'n 
5 0 10.1 12-92 1.00982 36-9 9-14 l 88.2 
1 10.1 12-96 1-00984 37.1 9-00 87.0 
3 9-0 13-33 1-01027 38.1 8.34 78-5 
5 9·0 15.41 1.01188 44.1 8.10 77-4 
7 8.2 16.12 1.01252 46.o 7·96 75·0 
6 0 9·9 14.11 1.01076 4o.4 7.88 76.5 
2 9·8 14.12 1.010'78 4o.4 8.20 79·3 
4 7.8 15.30 1.01192 43.5 7·98 74.2 
6 7·1 16.61 1.01301 47·5 7.27 67.0 
8 7-1 18.50 1.01450 52·9 7·19 66.8 
7 1 18.0 14.66 1.00982 41.8 8.26 95·4 
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Table 17 
Vertical Depth Profiles - April 9, 19'73 
Station Depth Temp. Sal. Density %Sea D.O. %D.O. 
(m) (oc) (%o) (gjcm3) Water (mg/1) Sat. 'n 
1 0 11.1 16.45 1.01242 46.9 8.36 84.7 
2 n.o 16.52 1.01249 47.2 8.18 82.9 
4 u.o 16.53 1.01250 47·3 8.24 83.4 
6 11.0 16.54 1.01250 47.3 8.12 82.3 
8 11.0 16.54 1.01251 47.3 8.o8 81.8 
10 11.0 16.57 1.01253 47.3 7·98 8o.8 
12 11.0 16.4o 1.01240 46.9 
14 11.0 
2 0 ll.9 16.oo 1.01197 45·7 8.30 85·3 
1 11.6 16.11 1.01208 46.o 7·96 81.5 
3 11.6 16.23 1.01218 46.4 7·78 79·7 
5 11.6 16.30 1.01223 46.5 7.84 80.2 
7 11.6 16.40 1.01232 46.8 8.28 84.5 
9 11.6 16.40 1.01231 46.8 8.22 84.1 
11 11.5 16.53 1.01243 47.2 8.30 84.9 
13 11.2 17.09 1.01290 48.8 8.26 84.2 
15 11.0 17.68 1.01339 50.4 8.02 81.6 
17 u.o 17.92 1.01357 51.2 8.22 83.8 
19 n.o 18.05 1.01368 51.6 8.04 82.0 
21 u.o 18.13 1.01374 51.8 8.20 83.6 
23 11.0 17.87 1.01354 51·1 7·92 80.7 
3 0 11.2 16.15 1.01217 46.2 8.28 83 ·9 
2 11.2 16.15 1.01217 46.2 8.02 81.4 
4 11.2 16.32 1.01231 46.7 8.20 83.1 
6 11.0 16.45 1.01244 47.0 8.08 81.6 
8 1l.O 16.53 1.01249 47·3 7.80 79·0 
10 u.o 16.70 1.01263 47.8 7·74 78·5 
12 11.0 16.73 1.01265 4-7 ·9 7.82 79·1 
14 ll-0 16.85 1.01271 4-8.1 8.oo 90·7 
4 0 11.3 14.85 l.Olll5 4-2.4 5·97 6o.2 
1 u.o 1).86 l.Oll97 45.·4 5.·47 5.5·2 3 11.0 1o.26 1.01229 4o. 0.12 bl.~ 5 11.0 16.27 1.01230 4-6.5 6.01 6o. 
7 11.0 16.27 1.01230 4-6.5 6.05 61.2 
9 11.0 16.31 1.01232 4-6.6 5.·97 6o.3 
11 11.0 16.4o 1.01240 4-6.8 o.11 61.7 
13 11.0 16.37 1.01238 4-6.8 
15 11.0 16.59 1.01254 4-7.4 5·61 56.~ 17 10.9 16.73 1.01267 4-7.8 5·69 57· 
19 10.8 16.80 1.01274 4-8.1 5·93 59.·9 21 10.8 16.85 1.01278 4-8.1 5·57 )b.3 23 10.8 16.89 1.01281 4-8.2 5.21 02.8 ' 
25 11.0 5.61 
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Table 17(continued) 
Station Depth Temp. Sal. Density %Sea D.o. %D.o. 
(m) (oc) (%o) (gjcm3) Water ,(mg/1) Sat. 'n 
5 0 11.2 15.13 1.01138 43.3 7·54 76.o 
1 11.1 15.38 1.01159 43.9 7·70 77·5 
3 11.0 16.11 1.01217 46.o 7·52 76.o 
5 11.0 16.42 1.01241 46.9 7·74 78.2 
7 11.0 16.37 1.01238 46.8 7.80 78·7 
9 7·90 82.6 
6 0 11.0 15.23 1.01149 43 ·5 7.84 78.7 
2 u.o 15.56 1.01175 43 ·9 7·6o 76·5 
4 11.0 15.62 1.01180 44.6 7.84 78·9 
6 11.0 15.86 1.01198 45.3 8.26 83.3 
8 11.0 8.34 
7 1 18.8 15.10 1.00999 43.1 7·72 90.8 
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Table 18 
Vertical Depth Profiles - May 8, 1973 
Station Depth Temp. Sal. Density % Sea D.O. ofo D.O. 
(m) coc) (%o) (g/cm3) Water (mg/1) Sat. 'n 
1 0 17.2 15.15 1.01036 43.3 6.70 76.4 
2 17.0 15.34 1.01055 43.8 6.6o 67.6 
4 17.0 15.59 1.01073 44.5 7.10 80.9 
6 16.5 16.20 1.01130 46.3 7.02 79·5 
8 16.1 16.51 1.01161 47.2 6.92 78.0 
10 16.0 16.53 1-01166 47.2 6.98 78.4 
12 15·9 16.69 1.01180 47.7 7.02 78·7 
14 15-9 16.76 1.01186 47 ·9 6.90 77-3 
16 16.o 16.75 1.01183 47 ·9 7.00 79·0 
18 16.2 16.58 1.01165 47.4 6.76 76.3 
2 0 17.1 14.88 1.01017 4-2.5 6.94 78·9 
2 17.1 14.93 1.01021 42.6 6.84 77·6 
4 16.9 15.11 1.01039 4-3.2 6.96 79.0 
6 16.8 15.40 1.01063 4-4.0 6.90 78.1 
8 16.2 16.25 1.01139 4-6.4 7.02 79-1 
10 16.2 16.53 1.01161 4-7-2 6.86 77-4 
12 16.0 16.63 1.01173 4-7.5 6.48 72·7 
14 15·9 16.59 1.01172 47.4 6.42 72-0 
3 0 17.1 15-11 1.01035 43.2 6.80 77·3 
2 17-0 15.14 1.01040 43-3 6.78 77·0 
4 16.8 15.40 1.01063 44.0 6.60 74·9 
6 16.8 15-54 1.01074 44.4 6.78 76·9 
8 16.7 15.98 1.01109 l~5. 7 6.64 75·3 
10 16.2 16.20 1.01135 l~6-3 6.66 75·2 
12 16.1 16.40 1.01153 l~6-9 6.36 71.4 
4 0 17-1 14.63 1.00998 ta.8 6.68 75·9 
2 17.1 14.74 1-01007 1~2.1 6.80 77-3 
4 17-1 14.66 1.01001 1~1.9 6.90 78.4 
6 17-1 14.68 1.01002 1~2.0 6.32 71·9 
8 17.0 14.74 1.01009 42.1 6.68 75-7 
10 17.0 14.78 1.01012 42.2 6.62 75·1 
12 17.0 15.08 1.01035 l-t-3 .1 6.48 73·7 
14 17.0 14.77 1.01011 l-t-2.2 6.54 74.0 
16 17.0 14.83 1.01016 1-t-2.4 6.6o 74.8 
18 16.8 15.60 1.01078 44.6 6.48 73·3 
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Tab1eJB (continued) 
Station Depth Temp Sal. Densi5y % Sea D.o. r{o D.O. 
(m) (oc) (%o) (g/cm ) Water (mg/1) Sat. 'n 
5 0 17.2 14.66 1.00999 41.9 6.70 76.2 
2 16.9 14.93 1.01026 42.7 6.54 ' 74.1 
4 16.7 15.29 1.01057 43·7 6.30 71.2 
6 16.5 15.51 1.01078 44.3 6.24 70.3 
8 16.2 16.o4 1.01123 45.8 6.o4 68.o 
10 16.0 16.34 1.01151 46.7 6.14 68.9 
6 0 17.2 14.65 1.00998 41.9 6.94 78.8 
2 17.2 14.71 1.01002 42.0 7.00 79·7 
4 17.0 14.98 1.01027 42.8 6.84 77·5 
6 16.6 15.52 1.01076 44.3 6.62 74.9 
8 16.5 15.67 1.01090 44.8 6.50 73-3 
10 16.1 16.37 1.01151 46.8 6.44 72.3 




Vertical Depth Profiles - June 6, 1973 
Station Depth Temp. Sal. Density % Sea D.O. rJo D.O. 
(m) (OC) (%o) (gjcm3) Water (mg/1) Sat. 'n 
1 0 23.5 16.26 1.00971 46.5 6.22 81.0 
2 23.1 16.35 1.00989 46.7 6.o8 78.2 
4 23.2 16.52 1.01018 47.2 6.18 79·9 
6 23.0 16.74 1.01021 4'7 ·9 5·98 77·0 
8 23.0 16.83 1.01027 48.1 6.12 78·9 
10 23.0 
12 22.0 16.99 1.01066 48.5 5·70 72.1 
14 22.1 16.80 1.01049 48.0 5·62 71.1 
2 0 23.9 16.08 1.00947 45-9 6.32 82.5 
2 23.2 16.33 1.00985 46.6 5·94 76·5 
4 23.0 16.56 1.01007 47.2 6.o6 78.0 
6 23.0 16.58 1.01008 47·3 5·92 76.2 
8 23.0 16.59 1.01008 47·3 5-76 74.1 
10 23.0 16.67 1.01015 47·5 5·96 76·7 
22 22.2 16.98 1.01059 48.5 5·90 75·0 
3 0 24.0 15·99 1.00937 45.6 5-94 77·5 
2 24.0 16.04 1.00941 45.8 6.24 81.8 
4 23.1 16.48 1.00999 47.0 5·58 71·9 
6 23.1 16.55 1.01004 47.2 5.80 74·7 
8 23.0 16.57 1.01008 47·3 6.20 79·9 
10 23.0 16.59 1.01009 47.4 6.10 78·5 
12 23.0 16.55 1.01006 47·3 6.oo 77·2 
4 0 24.1 14.79 1.00845 4-2.2 6.26 81.5 
2 23.8 15.42 ' 1.00901 44.1 6.12 79·5 
4 23.6 15.55 l.009l6 4-4.4 6.02 77·9 
6 23.6 15·58 1.00918 4-4.5 6.22 80.5 
8 23-5 15· 58 1.00920 lJ-4. 5 5-96 77·0 
10 23.4 l5.64 1.00928 lJ-4.7 5.82 75·0 
12 23.4 15.68 1.00931 44.8 6.34 81.8 
14 23.0 15·76 1.00947 45.0 6.14 79·7 
16 23.0 15.66 1.00939 44.7 6.08 78.0 
18 22.9 16.06 1.00972 45.8 5·78 74.0 
20 22.9 16.10 1.00975 lf6.o 6.24 79·9 
22 22.9 16.35 1.00994 lf6. 7 5·90 75·6 
24 22.9 16.36 1.00995 46.7 5·74 73.6 
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Table 19 (continued) 
Station Depth Temp. Sal. Density % Sea D.o. ofo D.O. (m) (Oc) (%o) (g/cm3) Water (mg/1) Sat.'n 
5 0 23-9 15-12 1.00875 43-3 6.28 
' 
81.5 
2 23.1 15.42 1.00919 44.0 5.86 75-2 
4 23.0 15-72 1.00944 44.9 5.80 74-3 
6 23.0 15.88 1.00956 45.3 6.oo 77·9 
8 22.9 15·99 1.00967 45.6 6.12 78.4 
10 22.9 15.63 1.00940 44.7 5.02 64.2 
6 0 24.1 15.47 1.00896 44.2 5.88 76·7 
2 23.0 15·78 1.00948 45.0 5-76 74.0 
4 23.0 15-90 1.00957 45.4 6.22 79·9 
6 23.0 16.o6 1.00969 45.8 6.30 80.7 
8 23.0 16.08 1.00971 45·9 6.16 79·0 
10 22.8 16.11 1.00978 46.1 6.24 79-8 
7 1 28.8 16.13 1.00808 46.2 6.26 89·5 
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Table 20 
Vertical Depth Profiles - July 6, 1973 
station Depth Temp. Sal. Density % Sea D.O. afo D.O. 
(m) (oc) (%o) (g/cm3) Water (mg/1) Sat. 'n 
1 0 27.0 18.15 1.01014 51-9 7.34 102.7 
2 26.9 18.17 1.01019 51-9 7-15 99·9 
4 26.6 18.16 1.01026 51-9 6.69 92-9 
6 26.6 18.26 1.01034 52.2 6.32 87.8 
8 26.2 18.48 1.01062 52.8 
10 25.8 18.69 1.01090 53.4 4.20 57-5 
12 25.4 18.94 1.01120 54.1 4.18 56·9 
14 25.2 19.21 1.01145 54-9 4.08 57-0 
16 25.1 19-28 1.01187 55-1 3-92 53.2 
18 24.9 19-94 1.01208 57-0 3-21 43.6 
20 24.9 19-95 1.01209 57-0 3-23 43.8 
22 24.9 19-71 1.01191 56.3 2.85 38.6 
2 0 26.8 17-97 1.01006 51.3 6.65 92-5 
2 26.6 18.01 1.01015 51.5 5-99 83.0 
4· 26.5 18.04 1.01021 51.5 5-29 73-2 
6 26.4 18.09 1.01027 51.7 5-25 72.6 
8 26.3 18.21 1.01039 52.0 4.65 64.2 
10 26.1 18.28 1.01050 52.2 4.27 58-7 
12 25-9 18.46 1.01069 53-1 4.03 55-3 
14 25.4 18.76 1.01107 53.6 3-76 51.1 
16 25.2 . 18.99 1.01129 54-3 3.66 49-7 
18 25-1 19-04 1.01136 54.4 3-70 50.1 
20 25.2 19.05 1.01133 54.4 3-92 53.2 
3 0 26.9 17.98 1.01005 51.4 6.76 94-3 
2 26.8 17-96 1.01005 51.3 5-34 74-3 
4 26.5 17-99 1.01017 51.4 4.90 67.8 
6 26.4 18.10 1.01028 51·7 4.56 63.1 
8 26.1 18.63 1.01076 53-2 4.05 55·6 
10 25·9 18.40 1.01065 52.6 3-70 50.6 
12 25.6 18.54 1.01083 53 .o 3.61 49.2 
14 25.3 18.73 1.01107 53.5 3 ·53 47-9 
15 25.3 18.74 1.01108 53.5 3·51 47.6 
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Table 20 (continued) 
Station Depth Te:nrp. Sal. Density % Sea n.o. o/o D.O. 
(m) (oc) (%o) (gjcm3) Water (mg/1) Sat. 'n 
4 0 27-4 17-58 1-00959 50.2 8.30 ' 116.7 2 26.9 17.61 1.00977 50-3 6.80 94.6 
4 26.8 17-71 1.00987 50.6 5-51 76-5 
6 26.6 17.87 1-01004 51.1 4.94 68.5 
8 26.2 18.02 1.01028 51.5 4.47 64.6 
10 26.2 18.05 1.01030 51.6 4-39 60.9 
12 26.2 18.09 1.01033 51.7 4.20 57-8 
14 26.2 18.07 1-01032 51.6 4.18 58.0 
16 26.1 18.14 1.01039 51.8 3·99 54.9 
18 26.0 18.22 1.01048 52.1 3.82 52.4 
20 25-9 18.32 1.01059 52.3 3· 73 51-1 
22 26.0 18.32 1.01056 52.3 3.61 49.5 
25 26.1 18.31 1.01052 52-3 3.66 50.3 
5 0 27.2 17.81 1.00983 50.8 7·15 100.3 
2 26.8 17.84 1.00996 51.0 6.66 92.6 
4 26.8 17.83 1.01003 51.0 6.50 90.4 
6 26.3 18.06 1.01028 51.6 4.75 65.4 
8 25.8 18.37 1.01066 52·5 3-61 49.4 
9 25.8 18.40 1.01068 52.6 3.42 46.8 
6 0 27.2 17.94 1.00992 51·3 8.50 119.2 
2 26.9 17.97 1.01004 51.3 6.65 93·3 
4 26.8 17.96 1.01005 51.3 6.09 84.7 
6 26.6 17.96 1.01011 51.3 5·74 79·6 
8 26.8 17.95 1-01004 51.3 5.60 77·9 
9 26.8 17-96 1.01005 51.3 5.40 75·0 
7 1 35· 6 17.92 51.2 5·87 
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Table 21 
Vertical Depth Profiles - August 3, 1973 
Station Depth Temp. Sal. Density % Sea D.O. o/o D.O. 
(m) coc) ( %o) (g/cm3) Water (mg/1) Sat. rn 
1 0 27-3 20.51 1.01180 58.6 5.82 83.1 
2 27.2 20.51 1.01183 58.6 5.64 80.2 
4 27.2 20.51 1.01183 58.6 5.40 76.8 
6 27.2 20.52 1.01184 58.6 6.10 86.8 
8 27.2 20.52 1.01184 58.6 5.60 79·7 
10 27.2 20.53 1.01185 58·7 5·50 78.2 
12 27.1 20.6o 1.01193 58·9 5.04 71·7 
14 26.8 21.07 1.01237 6o.2 4.20 59·5 
16 26.2 21.74 1.01305 62.1 3·90 54·9 
18 25·9 22.42 1.01365 61~.1 3.64 51.1 
20 25.8 22.30 1.01359 63.7 3.34 46.8 
2 0 27.6 20.45 1.01167 58.4 6.oo 86.3 
2 27.4 20.45 1.01173 58.4 5.68 81.1 
4 27.3 20.46 1.01176 58.5 5.08 72.6 
6 27.2 20.47 1.01180 58.5 5·32 75· 7 
8 27.2 20.50 1.01182 58.6 5.06 72.0 
10 27.2 20.51 1.01183 58.6 4.96 70.6 
12 27.2 20.48 1.01181 58·5 4.48 63.7 
14 27.1 20.56 1.01190 58·7 4.76 67·7 
16 27.0 20.66 1.01200 59·0 4.74 67.3 
18 26.9 20.91 1.01222 59·7 4.36 61.8 
20 26.6 21.23 1.01255 tx). 7 3.82 53 ·9 
22 26.2 21.89 1.01317 6'2. 5 3.24 45.6 
3 0 28.0 20.23 1.01138 57·8 6.84 99·1 
2 27.5 20.28 1.01157 5'7 ·9 5· 56 79·4 
4 27-5 20.34 l.Oll6l 58·l· 4.82 68.9 
6 27.5 20.40 1.01166 58·3 4.88 69·7 
8 27.4 20.44 1.01172 58.4 4.76 68.0 
10 27.4 20.45 1.01173 58.4 4.72 67.4 
12 27.4 20.47 1.01174 58·5 4.50 64.3 
14 27.3 20.49 1.01179 58·5 4.44 63.4 
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Table 21 (continued) 
Station Depth Temp. Sal. Densi5y % Sea D.O. ofo D.O. 
(m) coc) (%o) (g/c:m ) Water (mg/1) Sat. 'n 
4 0 28.0 20.10 1.01128 57.4 5.20 75-4 
2 28.0 20.08 1.01127 57·4 4.74 68.7 
4 28.0 20.12 1.01130 57-5 4.70 68.1 
6 28.0 20.17 1.01134 57-6 5.12 74.2 
8 27·9 20.23 1.01141 57-8 4.94 71.6 
10 27·9 20.34 1.01149 58.1 4.6o 66.7 
12 27-9 21.25 1.01217 6o.7 4.74 68.7 
14 27·9 20.32 1.01148 58.1 4.72 68.4 
16 27-9 20.33 1.01149 58.1 4.64 67.2 
18 27-9 20.33 1.01149 58.1 4.68 67.8 
20 27·9 20.34 1.01150 58.1 4.84 70.1 
22 27-9 20.33 1.01149 58.1 4.68 67.8 
24 27-9 20.32 1.01148 58.1 4.68 67.8 
5 0 28.0 20.17 1.01134 57.6 6.6o 95.6 
2 28.0 20.17 1.01134 57.6 6.52 94·5 
4 27-9 20.l8 l.Oll37 57·7 6.24 90·4 
6 27-9 20.20 1.01139 57·7 5-72 82.9 
8 27·9 20.24 1.01142 57-8 5.44 . 78.8 
6 0 28.2 20.22 1.01131 57-8 6.14 89.0 
2 28.0 20.24 1.01139 57-8 5.46 81.2 
4 27-9 20.25 1.01143 57 ·9 5-32 77·1 
6 27-9 20.25 1.01143 57·9 5-32 77·1 
8 27-9 20.26 1.01143 57·9 5.38 78.0 
10 27-9 20.27 1.01144 57·9 5-16 74.8 
7 0 35.0 
1 28.9 20.37 1.01120 58.2 5.26 77·4 
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Table 22 
Vertical Depth Profiles - September 4, 1973 
Station De·pth Tem:p. Sal. Density % Sea D.o. %D.o. 
(m) coc) ( %o) (g/cm3) Water (mg/1) Sat. 'n 
1 0 28.8 18.87 1.01012 53·9 6.13 89.1 
2 28.2 18.86 1.01030 53 ·9 5-06 72-3 
4 28.1 18.97 1.01041 54.2 3-36 48.0 
6 28.0 19-00 1-01046 54-3 3-80 54-3 
8 27-9 19-12 1-01058 54.6 3.28 46.9 
10 27.4 19.45 1.01099 55.6 2.46 34-9 
12 26.8 20-70 1-01209 59-1 2.42 34.2 
14 26.5 21.64 1.01289 61.8 2.02 28.6 
16 26.6 21.92 1.01307 62.6 1-72 24.4 
18 26.3 22.21 1-01338 63.5 1.58 22.3 
19 26.3 22.38 1.01350 63-9 1-51 21.4 
2 0 28.9 18.66 1.00993 53-3 8.80 128.0 
2 28.3 18.69 1.01014 53.4 4.6o 66.2 
4 28.2 18.80 1-01025 53.7 3-84 55-3 
6 28.1 18.83 1.01030 53.8 2.67 38.4 
8 28.0 18-93 1.01041 54-1 2.37 34-1 
10 27·5 19.20 1-01077 54·9 2.21 31.4 
12 27-0 19.65 1-01126 56.1 2.54 35-8 
14 26.9 20.20 1.01169 57-7 2.21 31.6 
16 26.3 20.79 1-01231 59-4 1.81 25.6 
3 0 28.6 18.55 1.00994 53 .o 6.24 90·7 
2 28.1 18.66 1.01018 53-3 3:91 56.1 
4 28.0 18.71 1-01024 53.5 3-19 45-5 
6 28.0 18.75 1.01027 53.6 3-00 42.8 
8 27-9 18.93 1.01044 54-1 2.23 31-9 
lO 27-5 l9-l7 l.Ol075 54.8 l-93 27.4 
12 27.2 19.40 1.01101 55·4 2.00 28.3 
14 27-2 19.48 1.01107 55-7 2.42 33.2 
4 0 29.0 18.24 1.00959 52-1 6.89 100.3 
2 28.5 18.31 1.00979 52.3 5-00 72.2 
4 28.2 18.55 1.01006 53 .o 4.03 57-7 
6 28.0 18.84 1.01034 53-8 2.44 34-7 
8 27-9 19.01 1.01050 54-3 2-37 33-9 
10 27·7 19-15 1.01067 54-7 2.25 32-1 
12 27.4 19.25 1-01084 55-0 2.02 28.7 
14 27.4 19.26 1-01085 55-0 2.04 28.9 
16 27.4 19.28 1-01086 55·1 1-87 26.6 
18 27.4 19-38 1-01094 55·4 1.83 26.0 
20 27-2 19-36 1.01098 55·3 1-91 27.0 
22 27.2 19-38 1-01100 55-4 1.79 25-3 
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Table 22 (continued) 
Station Depth Temp. Sal. Density %Sea D.o. %D.o. 
(m) coc) (%o) (g/cm3) Water (mg/1) Sat. 'n 
5 0 28.9 18.35 1.00970 52.4 5.4o 78.6 
2 28.5 18.38 1.00984 52.5 4.56 65·7 
4 28.3 18.42 1.00994 52.6 3 ·93 56·5 
6 28.2 18.53 1.01005 52·9 4.03 57·9 
8 28.0 18.63 1.01019 53·2 2.98 42.6 
9 28.0 18.70 1.01024 53.4 2.75 39·3 
6 0 28.8 18.59 1.00991 53.1 7.44 108.3 
2 28.2 18.6o 1.01010 53.1 5·04 72.4 
4 28.1 18.59 1.01013 53.1 3·78 54.2 
6 28.1 18.67 1.01018 53·3 3.28 47.0 
8 28.1 18.73 1.01023 53 ·5 3·09 44.3 
10 28.0 18.88 1.01037 53 ·9 2.58 36.9 
7 0 36.9 18.74 53 ·5 3 ·97 64.0 
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Table 23 
Vertical Depth Profiles - October 3, 1973 
Station Depth Temp. Sal. Density % Sea D.O. %D.o. 
(m) (oc) (%o) (g/ cm3) Water (mg/1) Sat. 'n 
1 0 23.8 19.40 1.01199 55·4 6.75 89·5 
2 23.8 19.41 1.01200 55·5 6.67 88.5 
4 23.6 19.44 1.01207 55·5 6.48 85.6 
6 23.6 19.50 1.01212 55·7 6. 63 87.6 
8 23.6 19.49 1.01211 55·7 6.63 87.6 
10 23.6 19.61 1.01220 56.0 6.12 80.8 
12 23 ·5 20.02 1.01254 5~( .2 6.oo 79·3 
14 23.4 20.26 1.01275 5r( 0 9 5·17 68.3 
16 23.2 20.36 1.01287 58.2 5·35 70.4 
18 23.1 20.49 1.01300 58·5 4.99 65.6 
20 23.1 20.78 1.01322 59·4 4.93 64.9 
2 0 23·9 18.92 1.01160 54.1 6.69 88.5 
2 23 ·9 19.00 1.01166 51~. 3 6.55 86.6 
4 23·9 19.10 1.01174 51~.6 6.73 89.0 
6 23·9 19.14 1.01177 51~· 7 6.48 85.7 
8 23·9 19.27 1.01187 55·1 6.30 83.6 
10 23.8 19.69 1.01221 56.3 6.02 79·8 
12 23.6 2o.o6 1.01254 57·3 5.64 74.6 
14 23.3 20.28 1.01278 57·9 4.91 64.7 
16 23.6 20.36 1.01276 58.2 4.75 62.1 
18 23.8 20.87 1.01309 59·6 4.73 63.1 
20 23 ·9 21.28 1.01337 6o.8 3.54 47.4 
3 0 23.5 18.14 1.01112 51.8 7·17 93.8 
2 23.7 18.75 1.01153 53 ° 6 6.61 87.0 
4 23.8 19.09 1.01176 51+. 5 6.36 84.0 
6 23.9 19.14 1.01177 54.7 6.30 83.6 
8 23·9 19.38 l.Oll95 5~5.4 6.18 82.0 
10 23·9 19.56 1.01208 55·9 5·58 74.1 
12 23·9 19.70 1.01219 56.3 5·58 74.1 
14 23·9 19.78 1.01225 56·5 5·54 73·7 
16 23.2 21.15 1.01346 6o.4 3.54 46.8 
18 23.2 21.14 1.01346 6o.4 4.10 54.2 
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Table 23 (continued) 
Station Depth Temp. Sal. Density % Sea D.O. %D.O. 
(m) coc) ( %o) (g/cm3) water {mg/1) Sat. 'n 
4 0 23-9 17-91 1-01085 51.2 7-37 97-0 
2 23-7 17·97 1.01094 51-3 7.66 100.4 
4 23-3 18-90 1.01176 54-0 6.46 84.6 
6 23.4 19-15 1.01192 54-7 6.36 83-5 
8 23.4 19-23 1.01198 54-9 6.16 8o.4 
10 23.4 19-28 1.01201 55-1 5-92 77-8 
12 23.4 19-31 1.01204 55-2 6.33 83.2 
14 23.4 19·34 1.01206 55·3 6.02 79·1 
16 23.4 19·39 1.01210 55.4 5·92 77-8 
18 23.3 19.60 1.01228 56.o 5-70 74·9 
20 23.3 19·75 1.01240 56.4 5·56 73.1 
22 23.3 20.22 1.01274 57.8 4.97 65·5 
24 23-3 20.15 1.01268 57.6 5-49 72-4 
5 0 23 ·9 17.62 1.01063 50.3 7-39 97·1 
2 23.6 l7·95 l.Ol096 5l-3 6.67 87-l 
4 23.2 18.44 1.01143 52-7 6.26 81.6 
6 23-3 18-92 1.01177 54-1 5-90 77·2 
8 23.5 19-21 1.01192 54·9 
6 0 23.8 17.48 1.01055 49·9 7-54 98.8 
2 23.2 18.08 1.01116 51.7 7·31 95·1 
4 23.2 18.42 1.01142 52.6 6.73 87·7 
6 23.1 18.44 1.01145 52·7 6.59 85·7 
8 23.2 18.55 1.01152 53.0 6.53 85.1 
10 23.3 18.62 1.01155 53.2 6.48 84.6 
7 0 32.0 l8.63 53.2 6.22 
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Table 24 
Vertical Depth Profiles - November 2, 1973 
Station Depth Temp. Sal. Density % Sea D.O. %D.o. 
(m) ( oc) (%o) (g/ cm3) Water (mg/1) Sat. 'n 
1 0 16.1 20.32 1.01454 58.1 7.56 86.7 
2 16.2 20.77 1.01485 59-3 . 7.30 84.2 
4 16.3 21.30 1.01523 60.9 7.26 84.1 
6 16.3 22.08 1.01583 63.1 7·34 85.3 
8 16.2 22.28 1.01600 63.7 7·34 85.3 
10 16.2 22.33 1.01604 63.8 7.20 83.7 
12 16.8 22.99 1.01642 65.7 6.87 81.0 
14 17.0 23.46 -1.01672 67.0 6.53 77.6 
16 17.2 24.52 1.01749 70.1 5·71 68.2 
17 17.8 24.54 1.01737 70.1 4.26 51.8 
2 0 16.2 19.82 1.01412 56.6 7 .(]3 88.2 
2 16.5 21.05 1.01500 60.1 7·34 85.2 
4 16.8 21.74 1.01547 62.1 7.34 86.o 
6 16.8 22.03 1.01569 62.9 6.75 79·2 
8 16.8 22.12 1.01576 63.2 7.24 85.2 
10 16.8 22.75 1.01624 65.0 6.67 78·7 
12 17.0 23.09 1.01644 66.o 6.37 75·6 
14 17.1 23.56 1.01678 67.3 6.25 74.4 
16 17.3 24.24 1.01726 69.3 5·29 63.5 
18 17.8 24.75 1.01753 70·7 5·31 64.6 
3 0 16.7 18.61 1.01310 53.2 7·94 91.5 
2 16.7 19.81 1.01401 56.6 7.04 81.6 
4 16.8 21.08 1.01496 60.2 6.87 80.2 
6 16.8 22.04 1.01569 63 .o 6.83 79.2 
8 16.8 22.29 1.01588 63.7 7.04 82.8 
lO 17.0 22.97 l.Ol635 65.6 6.47 76.7 
12 17·2 23.65 1.01683 67.6 5·87 70.1 
14 17·7 24.79 1.01758 '(0 .8 5.23 63.5 
16 17·7 25.07 1.01779 71.6 5 ·35 65.1 
17 17·9 24.96 1.01767 '71.3 5·29 64.5 
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Table 24 (continued) 
Station Depth Temp. Sal. Density %Sea D.o. %D.o. 
(m) (oc) (%o) (g/cm3) Water . (mg/1) Sat. 'n 
4 0 16.2 17.68 1.01249 50-5 8.36 94-9 
2 16.3 19-79 l.014o8 56·5 7-58 87-1 
4 16.8 21-36 1.01493 61.0 7-22 84.6 
6 17-0 21.87 1.01551 62.5 6.23 73-3 
8 17-0 22.18 1.01575 63.4 6.71 79-1 
10 16.8 22.22 1.01583 63 ·5 7 .o6 83.1 
12 17-0 22.88 1.01628 65.4 6-57 77-8 
14 16.0 23.02 1.01661 65.8 6.41 74-5 
16 16.2 23-32 1.01679 66.6 6.13 71.7 
18 16.9 23-72 1.01695 67.8 5-85 69.6 
20 17-5 24.56 1.01746 70-2 5-45 65.8 
24 18.1 25-02 1.01767 71-5 5-33 65.2 
5 0 16.3 18.22 1.01289 52-1 8.10 92-3 
2 16.3 20.35 1.01451 58.1 7-22 83-3 
4 16.9 2l.13 1.01498 6o.4 7-04 82.5 
6 17-0 22.06 1.01566 63 .o 6-53 77-0 
8 17.2 22.22 1.01574 63.5 4.88 57·9 
6 0 16.0 18-52 1.01318 52-9 7-98 90.6 
2 16.0 18.79 1.01338 53.7 7-54 85-7 
4 16.9 21.06 1-01493 60.2 7-08 82.8 
6 17-0 22.29 1.01583 63-7 6.53 77-1 
8 17-1 22-74 1.01616 65.0 5-71 67-7 
9 17-2 22-74 1.01614 65.0 6.05 71.9 
7 0 25.0 19.20 1.01151 54-9 7.26 98.2 
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Table 25 
Vertical Depth Profiles - December 3, 1973 
Station Depth Temp. Sal. Density % Sea D.o. %D.o. (m) (oc) (%o) (g/cm3) Water (mg/1) Sat. 'n 
1 0 11.5 21.17 1.01601 6o.5 9·74 102.3 
2 11·5 21.25 1.01607 60.7 9.64 101.3 
4 11.5 21.54 1.01629 61.5 . 9.44 99·4 
6 11.8 21.80 1.01645 62.3 9·94 105·3 
8 12.0 21.93 1.01651 62.7 10.22 109.0 
10 12.0 21.94 1.01652 62.7 9.84 104.9 
12 11.8 21.97 1.01658 62.8 9.18 97·5 
14 11.7 21.96 1.01658 62.7 10.04 106.4 
16 11·5 21.96 1•01662 . 62.7 9.24 97·5 
18 11·5 21.95 1.01661 62.7 9·58 101.1 
20 11-5 21.65 1.01638 61.9 10.93 115·1 
2 0 11.8 21.02 1.01585 60.1 9·54 100.6 
2 11.8 21.11 1.01592 60.3 9·14 96.4 
4 11.9 21.61 ·1.01628 61.7 9·34 99·2 
6 12.0 21.68 1.01632 61.9 8.47 90.1 
8 12.0 21.72 1.01635 62.1 8.75 93·1 
10 11·9 21.91 1.01651 62.6 8.69 92.4 
12 12.0 21.92 1.01650 62.6 9.24 98·5 
14 12.0 21.97 1.01654 62.8 8.85 94·3 
16 12.1 21.98 1.01654 62.8 8.69 92.8 
3 0 11.7 20.68 1.01559 59·1 9·05 95·3 
2 11.8 20.77 1.01565 59·3 8.85 93.2 
4 11.2 21.41 1-01624 61.2 8.95 93.6 
6 11.3 21.58 1.01635 61.7 8.35 87·5 
8 11.4 21.80 1.01651 62.3 8.21 86.4 
10 u.o 21.81 1.01658 62.3 8.63 90.1 
12 11.2 21.97 1.01667 62.8 8.49 89.0 
14 11.2 22.07 1.01675 63.1 8.27 86.7 
4 0 11·5 20.51 1.01549 58.6 9.44 98·7 
2 11·5 20.83 1.01574 59·5 9·29 97·4 
4 11.0 20.91 1.01588 59·7 8.75 90.8 
6 11.0 21.19 1.01610 60.5 8.45 87.8 
8 11.2 21.32 1.01617 60.9 8.09 84.4 
10 11·5 21.60 1.01634 61.7 8.35 87·9 
12 11.8 21.79 1.01644 62.3 8.35 88.5 
14 11.8 21.86 1.01650 62.5 8.05 85·5 
16 11.8 21.90 1.01653 62.6 8.25 87.6 
18 12.0 21.90 1.01648 62.6 7·69 82.0 
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Table 25 (continued) 
Station Depth Temp. Sal. Density % Sea D.o. %D.o. 
(m) (oc) (%o) (gjcm3) Water (mg/1) Sat. 'n 
5 0 11.9 20.88 1.01572 59·7 8.87 93·8 
2 11·9 20.91 1-01574 59·7 8.95 94.6 
4 12.0 21.10 1.01587 60.3 8.87 94.2 
6 12.2 21.42 1.01608 61.2 8.75 93 ·3 
8 12.5 21.60 1.01617 61.7 8.03 85.4 
6 0 12.0 20.87 1.01569 59·6 9·94 105·3 
2 11·9 20.89 1.01573 59·7 8.95 94.6 
4 12.0 21.03 1.01581 6o.1 9·14 96.8 
6 11.3 21.25 1.01610 60.7 8.79 91.9 
8 11.3 21.53 1.01631 61.5 8.67 90·9 
10 11.3 21.61 1.01638 61.7 8.49 89.0 
7 0 21.1 21.02 1.01392 60.1 8.15 103.6 
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Table 26 
Vertical Depth Profiles - January 15, 1974 
Station Depth Temp. Sal. Density % Sea D.o. % D.o. 
(m) coc) (%o) (gjcm3) Water (mg/1) Sat. 'n 
1 0 6.0 15.88 1.01254 45.4 9·90 88.7 
2 6.o 15·99 1.01264 45·7 10.55 94·5 
4 6.0 16.14 1.01274 46.1 10.36 92.8 
6 6.0 16.39 1.01294 46.8 10.45 93·9 
8 5·7 17.12 1.01353 48.9 .• 10.99 98.8 
10 5·7 17.40 1.01375 49.0 10.87 97·4 
12 5·5 17·73 1.01404 50·7 10.53 94.2 
14 5·0 18.27 1.01450 52.2 10.16 90.2 
16 5·3 19· 75 1.01564 56.4 10.06 90·5 
18 5·5 20.85 1.01649 59·6 9·50 86.8 
20 5·5 20.63 1.01632 58·9 9·6o 87.5 
2 0 6.2 15.88 1.01252 45.4 11.05 99·0 
2 6.2 15.88 1.01252 45.4 10.65 95·5 
4 6.2 16.30 1.01285 46.6 10.43 94.2 
6 6.1 16.66 1.01315 47.6 10.40 93.7 
8 6.o 17.17 1.01355 49.1 l0.4o 93.7 
10 6.o 17.42 1.01375 49.8. 9·54 86.2 
12 6.0 17.49 1.01380 50.0 10.26 92.8 
14 6.0 17.54 1.01384 50·1 10.59 95·5 
16 6.0 17·57 1.01387 50.2 10.36 93.7 
18 6.0 17 .6o 1.01389 50·3 10.40 94.0 
20 6.0 17.56 1.01386 50.2 10.18 92.0 
3 0 6.5 15.70 1.01236 44.8 10.55 95·5 
2 6.6 15.78 1.01240 45.1 10.59 95·7 
4 6.5 16.64 1.01310 47·5 10.30 93.7 
6 6.5 16.72 1.01316 47.8 10.24 93 ·3 
8 6.5 17.13 1.01348 48.9 10.20 93.2 
10 6.3 17.43 1.01373 49.8 10.34 94.1 
12 6.3 17.47 1.01376 49·9 10.36 94.1 
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Table 26 (continued) 
Station Depth Temp. Sal. Density %Sea D.o. afo D. o. 
(m) (oc) (%o) (g/ cm3) Water (mg/1) Sat. 'n 
4 0 6.2 14.64 1.01155 41.8 10.47 92·9 
2 6.2 15·31 1.01207 43.8 10.67 95-2 
4 6.8 16.22 1.01274 46.3 10.18 93.0 
6 6.8 16.75 1.01315 47.8 9.82 89.8 
8 6.7 16.92 1.01330 48.4 10.06 92·0 
10 6.5 16.98 1.01337 48.5 10.04 91.8 
12 6.5 17.07 1.01344 48.7 10.06 92.0 
14 6.5 17.14 1.01349 49.0 10.18 92.8 
16 6.3 17.21 1.01356 49.2 10.06 91.4 
18 6.3 17 ·35 1.01367 49.6 10.14 92.1 
20 6.5 17.19 1.01353 49.0 10.08 91.0 
5 0 6.1 14-35 1.01133 41.0 10.65 94-0 
2 6.1 14.49 1.01144 41.3 10.63 93-8 
4 6.3 15-94 1.01256 45-5 10.26 92.4 
6 6.5 16.36 1.01288 46.7 9-74 88.3 
8 6.5 l6-78 l.Ol32l 47.8 l0.24 93 ·5 
10 6.5 16.89 1-01330 48.2 10.08 92.0 
6 0 6.1 14.65 1.01157 41.8 10.57 93.4 
2 6.1 14-79 1.01168 42.2 10.59 93 ·5 
4 6.3 15.22 1.01199 43 ·5 10.45 93· 7 
6 6.5 16.23 1.01278 46.4 10.28 93·3 
8 6.4 16.49 1.01299 47.1 10.20 92-2 
10 6.5 17.28 l.0136o 49·3 10.20 93·3 
7 ·5 13.0 15.47 1.01138 44.1 10.02 105.4 
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Table 27 
Vertical Depth Profiles - February 12, 1974 
Station Depth Temp. Sal. Density % Sea D.O. %D.o. 
(m) (oc) (%o) (g/ cm3) Water (mg/l) Sat. 'n 
l 0 6.o 16.59 1.01310 tq.4 10.86 97·5 
2 6.o 16.61 1.01311 47.5 10.66 95·7 
4 6.o 16.69 1.01318 47.7 10.30 92·5 
6 6.o 17.06 l. 01347 1}8. 7 10.46 94.0 
8 6.o 17.47 l. 01379 1}9. 9 10.32 93 ·3 
10 6.o 19·79 1.01561 56.5 9.88 90.6 
12 6.o 22.08 1.01741 63.1 9·78 91.0 
14 6.1 22.60 L0l78l 64.6 9.10 85.4 
16 6.1 22.86 1.01802 65.3 9.08 85·5 
18 6.2 22.93 l. 01806 65.5 9.26 87.4 
20 6.2 22.80 1.01796 65.1 9·38 88.3 
2 0 6.o 16.19 1.01278 46.3 10.70 95·5 
2 6.o 16.23 1.01281 46.4 10.56 94·3 
4 6.1 16.78 1.01325 47.9 10.28 92.6 
6 6.1 18.15 1.01432 51.9 10.02 91.1 
8 6.2 18.52 l.o146o 52.9 9.86 90.0 
10 6.1 21.47 1.01692 61.3 9.24 86.o 
12 6.1 22.16 1.01747 63.3 9.22 86.2 
14 6.2 22.67 1.01786 64.8 9.10 85.6 
16 6.2 22.78 1.01794 65.1 9.16 86.2 
18 6.3 22.73 1.01789 64.9 8.86 83.6 
3 0 6.o- 15-31 1.01209 43.7 10.96 97·4 
2 6.o 15.50 1.0122)+ l-t4.3 10.86 96·5 
4 6.o 16.61 1.01311 47 ·5 10.26 91·9 
6 6.1 17-30 l. 01366 49.4. 10.12 91-4 
8 6.1 17.44 1.01377 )_+9.8 10.18 92·3 
10 6.2 19.26 1.01518 55.0 9.86 90-7 
12 6.3 22.28 1.01754 63 ·7 9.26 86.9 
14 6.5 22.57 1.01775 64.5 9.14 86.4 
16 6.5 22.44 1.01765 64.1 9.08 85·9 
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Table 27 (continued) 
Station Depth Temp. Sal. Density % Sea D.o. %D.o. 
(m) coc) (%o) (g/cm3) Water (mg/1) Sat. 'n 
4 0 6.o 14.70 1.01161 42.0 ll.24 I 99·5 
2 6.0 15.44 1.01219 44.1 10.80 96.o 
4 6.0 16.81 1.01327 48.0 10.04 90.0 
6 6.0 17.00 1.01342 48.6 10.10 90.0 
8 6.o 17 .n 1.01351 48.9 10,06 89.6 
10 6.0 17.26 1.01362 49.3 9·96 89.6 
12 6.0 17.61 1.01390 50·3 9·96 90.0 
14 6.o 17.71 1.01398 50.6 9·90 89.6 
16 6.0 17.82 1.01406 50-9 9·90 89.6 
18 6.o 18.90 1.01491 54.0 9.66 88.1 
20 6.o 21.12 1.01666 60.3 9·50 87.8 
22 6.1 22.17 1.01747 63 ·3 9.22 86.1 
24 6.5 22.17 1.01743 63.3 9.18 86.1 
26 6.5 21.98 1.01728 62.8 9-10 85.6 
5 0 6.0 15.69 1.01239 44.8 11.02 98.3 
2 6.o 15.73 1.01242 44.9 10.86 96·5 
4 6.0 15-92 1.01257 45·5 11.20 100.0 
6 6.1 16.48 1.01301 47.1 10.76 96·5 
8 6.2 17.31 1.01365 49·5 10.02 91.0 
6 0 6.o 15.63 1.01234 44.7 10.82 96.6 
2 6.0 15.67 1.01237 44.8 10.76 96.0 
4 6.0 15.72 1.01241 44.9 10.66 94.8 
6 6.3 16.77 1.01324 47·9 10.28 93 .o 
8 6.5 18.32 1.01446 52·3 9·96 91.6 
10 6.5 18.25 1.01440 52.1 9·70 89.4 
7 0 15.1 15.93 1.01139 45·5 9.86 92.2 
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Table 28 
Vertical Depth Profiles - March 15, 19'74 
Station Depth Temp. Sal. Density % Sea D.O. %D.o. 
(m) coc) (%o ) (g/ cm3) Water (mg/1) Sat. 'n 
1 0 9·2 15.70 1.01208 44.9 10.32 99·5 
2 9·0 16.58 1.01280 47.4 10.10 97·3 
4 9·0 16.84 1.01300 48.1 9·90 95·7 
6 9·0 17.01 1.01313 48.6. 9·74 94.3 
8 9·0 17.50 1.01351 50.0 9·94 96·5 
10 9·0 17.88 1.01381 51.1 9.86 96.0 
12 8.8 18.39 1.01423 52·5 9·49 92.1 
14 8.8 19.83 1.01535 56·7 8.63 84.6 
16 8.8 20.94 1.01621 59·8 8.o4 79·6 
18 8.8 21.41 1.01658 61.2 7.88 78.2 
20 8.9 21.47 1.01662 61.3 7.82 78.0 
2 0 9·8 15·95 1.01220 45.6 10.87 106.6 
2 9·1 16.16 1.01245 46.2 10.46 100.8 
4 9·0 17.00 1.01312 48.6 9·94 96·3 
6 9·0 17.32 1.01337 49·5 9·74 94.6 
8 9·0 17.68 1.01365 50·5 10.04 97·7 
10 9·0 17 ·93 1.01385 51.2 9.60 93·7 
12 8.9 18.36 1.01419 52·5 9·31 90.8 
14 8.8 18.68 1.01445 53.4 9.21 89·9 
16 8.8 20.11 1.01557 57·5 8.67 85.4 
18 8.8 20.76 1.01607 59·3 8.38 83.0 
20 8.8 21.43 1.01659 61.2 7·94 79·0 
22 8.8 21.56 1.01670 61.6 8.08 8o.4 
24 8.9 21.44 1.01659 61.3 8.04 8o.o 
3 0 9·8 14.90 1.01139 42.6 10.95 106.8 
2 9·0 15.98 1.01233 45·7 9.86 95·0 
4 9·0 16.52 1.01275 47.2 9.84 95·1 
6 9-0 16.89 1.01304 48.3 9·49 91·9 
8 9·0 17.51 1.01352 50.0 9.68 94.2 
10 9-0 17.85 1.01379 51.0 
12 9·0 18.71 1.01446 53 ·5 9·25 90·7 
14 9·0 19.31 1.01492 55·2 8.89 87.6 
16 9-0 20.45 1.01580 58.4 8.53 84.7 
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Table 28 (continued) 
Station Depth Temp. Sal. Density %Sea D.o. %D.o. 
(m) coc) (%o) (g/ err(;) Wat~ (mg/1) Sat. 'n 
4 0 9·8 15.84 1.01212 45.3 10.99 107·7 
2 9·5 15.87 1.01219 45.3 10.81 98·3 
4 9·0 17.06 1.01317 48.7 10.51 101.8 
6 9·0 17.65 1.01363 50.4 9·58 93.2 
8 9·0 17.90 1.01382 51.1 9·39 91.6 
10 9·0 18.02 1.01392 51.5 9·31 90.8 
12 9·0 17·56 1.01356 50.2 9.66 94.0 
14 9·0 17.48 1.01350 49·9 9·52 92·7 
16 9·0 18.04 1.01393 51.5 9·62 93 ·9 
18 9·0 17.88 1.01381 51.1 9·52 92·9 
20 9·0 18.58 1.01435 53.1 9·11 89·3 
22 9·0 19.13 1.01478 54·7 8.73 85.8 
5 0 9·0 15.68 1.01209 44.8 10.55 101.4 
2 9·0 16.o6 1.01239 45·9 10.00 96.4 
4 9·0 16.73 1.01291 47.8 9·58 92.6 
6 9·0 17.05 1.01316 48.7 9·54 92.4 
8 9·0 18.05 1.01394 51.6 9·09 88.7 
9 9·0 18.12 1.01400 51.8 8.89 86.7 
6 0 9·8 14.94 1.01142 42.7 9·80 95·6 
2 9·0 15.70 1.01211 44.9 10.42 100.0 
4 9·0 16.oo 1.01234· 45·7 9.88 95·0 
6 9·1 16.70 1.01287 47 ·7 9.60 93.2 
8 9·2 17.29 1.01332 49.4 9·33 90·5 
10 9·8 17·91 1.01373 51.2 9·15 91.0 
7 0 14.0 15.64 1.01133 44.7 
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Table 29 
Vertical Depth Profiles - April ll, 1974 
station Depth Temp. Sal. Density %Sea D.O. %D.o. 
(m) (oc) ( %o) (g/ cm3) Water (mg/1) Sat. 'n 
l 0 ll.7 15.06 1.01126 43.0 8.93 90·9 
2 12.0 15.94 1.01190 45.5 8.87 91.2 
4 12.1 16.30 1.01216 46.6 8.73 90.2 
6 11.9 16.70 1.01250 47.7 8.89 91.6 
8 11.5 17.00 1.01279 48.6 8.79 90.1 
10 ll. 5 17.21 1.01295 49.2 9.21 94·5 
12 11.5 17.48 l. 01316 49.9 9·27 95·2 
14 11.4 17·55 1.01323 50.1 9·13 93.6 
16 ll.l 17.58 1.01329 50.2 9·17 93.6 
18 ll.O 17 .6o 1.01333 50.3 9·07 92.4 
2 0 12.0 14.92 1.01111 42.6 8.93 91·3 
2 12.0 16.12 1.01203 46.1 8.61 88.8 
4 12.2 16.66 1.01241 47.6 8.47 87·9 
6 12.2 17.09 1.01275 48.8 8.47 88.0 
8 12.1 17 .4o 1.01301 49.7 8.93 92.8 
10 12.0 17.41 1.01303 49·7 8.87 92.0 
12 12.0 17 ·50 1.01310 50.0 8.93 92·7 
14 11.9 17.52 1.01314 50.1 8.89 92.2 
16 11.9 17.53 1.01314 50.1 9.21 95·6 
17 11.9 17 ·54 1.01315 50.1 8.89 92.2 
3 0 12.6 13 ·90 1.01023 39·7 9·56 98.6 
·3 12.3 
2 ll.8 14.57 1.01087 41.6 8.67 88.1 
4 12.0 15.06 1.01122 43.0 8.65 88.6 
6 12.2 16.15 1.01202 46.1 8.29 85.8 
8 12.1 16.87 1.01260 48.2 8.29 86.0 
10 12.1 17.19 1.01284 Lf9.1 8.63 89·5 
12 12.1 17.34 1.01296 49·5 8.61 89·5 
14 12.1 17.43 l. 01303 49.8 8.77 91.2 
16 12.0 17.49 1.01309 50.0 8.75 90·9 
18 12.0 17.50 1.01310 50.0 8.65 89.8 
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Table 29 (continued) 
Station Depth Temp. Sal. Density % Sea D.O. %D.o. 
(m) (oc) (%o) (gjcrn3) Water (mg/1) Sat. 'n 
4 0 12.7 12.34 1.00901 35·3 9·34 95·5 
·3 12.2 
2 12.1 14.21 1.01055 4o.6 8.85 90.3 
4 12.1 15.26 1.01136 43.6 8.87 91.1 
6 12.1 15.44 1.01149 44.1 8.69 89.4 
8 12.1 16.26 1.01213 46.5 8.39 86.7 
10 12.2 16.50 1.01229 47.1 8.37 86.7 
12 12.0 16.55 1.01237 47.3 8.37 86.5 
14 12.0 16.56 1.01237 47.3 8.49 87·7 
16 12.0 16.56 1.01237 47·3 8.31 85.8 
18 12.2 16.57 1.01235 47.3 8~35 86.6 
20 12.2 16.59 1.01236 47.4 7.08 73.4 
5 0 12.4 12.66 1.00931 36.2 9·36 95·3 
2 12.1 16.10 1.01200 46.0 8.21 84.7 
4 12.2 16.69 1.01244 47.7 8.27 85.8 
6 
8 12.4 16.35 1.01216 46.7 8.23 85.6 
6 0 12.9 13.17 1.00962 37.6 9·23 95·2 
·3 13.0 
2 12.3 14.12 1.01045 . 40.3 9·03 92·5 
4 12.5 14.32 1.01057 40.9 8.73 90.0 
6 12.1 15.72 1.01171 44.9 8.47 87.2. 
8 12.1 16.33 1.01218 46.7 8.29 85.6 
10 12.2 16.51 1.01230 47.2 8.29 86.0 
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Figure 2. Uensity and :U.O. profUes_. 4-6-72. 
60 
DENSITY (g/ml) DENSITY {g/ml) 
1.006 1.010 1.014 1.018 1.006 1.010 1.014 1.018 0 0 I I I I .I 
' 
Sta.3f ...... • I 2-
--
-




/ 4- .. ·•.· • • • 
·. I I 
:I: (··· ... 6- •• I ..... .. ,._ 




I I I I . I 
30 40 50 60 70 80 90 30 40 50 60 70 80 90 
D.O. ( 0/o sat.) D.O. ( 0/o Sat.) 
DENSITY (g/ml) DENSITY {g/ml) 
1.006 1.010 1.014 1.018 1.006 1.010 1.014 1.018 
a .I _l 1 _l 0 _l _l _l _L 
Sta. 2 + '\ Sta.4 \ .' 2- / 2- I : I ; 
-






- ~ .. • l 6_ / 6_ 
·. :c / 
·. i 
..... 
··y.:-- .. 8_ . 8_ '·.1 0. J (\ LLI ~o .• •• 
0 10- \ 10_ I .._ 
\ I 




• • • 14~~--~~--~~~ 
3'0 4o 5
1
0 6'o -lo 80 90 
14 -r-.,~~.---~.--•. ---.-.~ 
30 40 50 60 70 80 90 




Figure 3. Density and D.O. profiles, 5-5-72. 
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Figure 5· Density and D.O. profiles, 7-7-72. 
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Figure 7• Density and D.O. profiles, 9-l4-72. 
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Figure 9· Density and D.O. Profiles, 1-12-73. 
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Figure 18. Density arid D.O. profiles, 10-3-73· 
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Figure 19. Density and D.o. profiles, ll-2-73. 
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Figure 20. Density and D.o. profiles, 12-3-73. 
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Figure 21. Density and D.O. profiles, 1-15-74. 
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Figure 22. Density and D.O. profiles, 2-12-74. 
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Figure 23. Density and D.O. profiles, 3-15-74. 
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Figure 24. Density and D.O. profiles, 4-11-74. 
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3 channel stations (Figures 2-24). This is not unexpected, since just above 
this station the river cross section becomes abruptly narrower and deeper -
a situation likely to induce turbulent mixing in the water fiowing through. 
In order to provide a quantitative comparison of the stations on the 
basis of degree of vertical stratification, vertical stability values 
have been calculated for each station, each sampling date. Stability is 
expressed in terms of the amount of work required to raise the center of 
gravity of a water column of a given length and of 1 m2 cross sectional 
area from its actual position, slightly below the center of the water 
column, up to the center of the water column. A sample calculation is 
presented in Table 30. Stability values calculated for stations 1-4 are 
presented in Table 31. Two-way ANOVA, using stations 1-4 as treatments and 
the sampling dates as blocks, indicated that there was a significant treat-
ment effect (Table 32). According to Student-Neuman-Keuls' test (Steel 
and Torrie, 1960, p. 110) vertical stability at station 4 was significantly 
lower than at any of the other 3 stations (Table 32). 
In the following phase of this study highly turbulent conditions will 
' 
exist at station 6 due to the VEPCO diffuser discharge. Therefore the 
background vertical stability at this station in relation to that at 
adjacent stations, is of interest. In Table 33 vertical stability values 
are presented for station 5, 6, and 3. ANOVA revealed no significant 
differences among these stations. 
Temperature 
Surface temperatures observed at station 7, the VEPCO discharge 














Vertical Stability Calculation, Sta. 1, June 15, 1972 
• 
Density Mass Cumulative 
(g/cm3) (kgjm2 ) 
Mass 
(kgjm2 ) 
1.01009 1010.09 1010.09 
1.01016 2020.32 3030.41 
1.01027 2020.54 5050.95 
1.0104-l 2020.82 7071.77 
1.01066 2021.32 9093.09 
1.01180 2023. 6o 11116.69 
l. 01213 2024.26 13l4o. 95 
1.01249 1012.49 14153.44 
b l 7 14153.44 Excess mass e ow m = 2 7071. TT = 4. 95 kgjm2 
Position of center of gravity ~~~~. 32 • 2 = .0048977 m below 7 m 
Work= 14153.44 kg/m2 • 9.8 m/sec. 2 • .oo48977 m = 679 joules/m2 
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Table 31 
Vertical Stability Values, Stations 1-4 
<> 
Vertical Stability (joules/m2) 
Dates Water column Sta. 1 Sta. 2 Sta. 3 Sta. 4 
length (m) 
4-6-72 12 761 849 815 649 
5-5-72 10 1041 626 789 395 
6-15-72 14 679 388 551 102 
7-7-72 12 1210 676 623 902 
8-15-72 10 58 243 236 98 
9-14-72 12 984 922 693 78 
10-17-72 12 947 1009 1013 802 
1-12-73 10 770 667 480 183 
2-12-73 12 718 567 549 778 
3-13-73 14 2063 1296 1855 1245 
4-9-73 12 4.7 67 103 54 
5-8-73 12 319 374 235 37 
6-6-73 12 133 81 -131 87 
7-6-73 16 568 352 394 262 
8-3-73 14 56 39 76 So 
9-4-73 14 532 361 285 336 
10-3-73 18 421 705 730 410 
ll-2-73 18 1089 1147 1815 1317 
12-3-73 14 149 163 288 238 
1-15-74 12 312 302 283 330 
2-12-74 16 2124 2267 2235 603 
3-15-74 16 1023 821 1138 454 
4-ll-74 18 761 570 1171 977 
Xi. 16722.7 14492.0 16488.0 10417.0 





















































Vertical Stability, Stations 1-4, ANOVA 
Source df ss MS F 
Total 91 24552590 
Stations 3 1111300 370433 6.36 ** 
Dates 22 19595520 890705 15.29 ** 
Error 66 3845770 58269 
Student-Neuman-Keuls Test for Significant 
Differences Between Stations 















A = 177* A = 87 A =10 
4 = 264 ** 








Conclusion: Station 4 significantly different from stations 1-3, 
no other differences significant. 
* Significant difference at a = .05 
** Significant difference at a = .01 
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Table 33 
Vertical Stability Values, Stations 5, 6, 3 
Vertical Stability (joules/m2) 
Stations 
Date Water column 5 6 3 x· j x· j 
length (m) 
3-13-73 8 336 321 378 1035 345 
4-9-73 7 63 26 23 Ll2 37-3 
5-8-73 10 190 209 127 526 175·3 
6-6-73 10 91 74 106 271 90-3 
7-6-73 10 135 12 105 252 84 
8-3-73 8 7-0 7-8 20 34.8 n.6 
9-4-73 10 72 4o 68 180 6o 
10-3-73 8 114 61 51 226 75-3 
ll-2-73 8 202 309 241 752 250.67 
12-3-73 8 44 53 91 188 62.67 
l-15-74 10 301 310 179 790 263.3 
2-12-74 8 96 151 177 424 141.3 
3-15-74 8 133 134 139 4o6 135-3 
4-ll-74 8 135 199 183 517 172-3 
Xi. 1919 1906.8 1888 5713.8 
- 137 136.2 134-9 l36.o4 xi. 
ANOVA 
Source df ss MS F 
Total 41 403967.16 
Stations 2 34.84 17.42 -01088 
Dates 13 362320.34 27870.80 17.41424 ** 
Error 26 41611-98 l6oo.46 
** Significant difference at a =.01 
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presents the surface temperatures observed at all stations since sampling 
at station 7 was begun. Two-way .f:illOVA, with the stations as treatments 
and the sampling dates as blocks, followed by Student-Neuman-Keuls' test 
showed that, overall, the station 7 surface temperatures were significantly 
higher than those at all other stations, and that no other differences 
were significant. Figure 25 compares the seasonal distribution of surface 
temperature at station 7 with that of the mean for stations l-6. 
Seasonal Patterns of Density Stratification 
. and D.o.% Saturation 
During the warmer months of the year, dissolved oxygen, in terms of 
concentration and percent saturation, declined in the deep waters of .the 
lower York River (Tables 5-29). Figure 26 shows the seasonal distribution 
of D.o. percent saturation below the pycnocline at a representative station 
(dashed line). One important factor that can promote bottom water D.o. 
depletion is vertical density stratification, which is also plotted in 
Figure 26 in terms of the density difference between the bottom of the 
pycnocline and the water surface. The breaks in the curves correspond to 
the Tropical Storm Agnes period, which is treated separately. 
Since the new VEPCO discharge could affect the degree of stratification 
in the river, weakening it at the discharge site and intensifying it within 
the effluent plume, it is of interest to test for a correlation between 
density stratification and D.O. percent saturation in the existing data 
(Table 35). The correlation over the entire study period is negative but 
its absolute value is insignificant. Selecting two series of data from the 
entire set yields a negligible correlation for the fall-winter period 1972-
1973, and a strong negative correlation for the spring-·summer period 1973 
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Table 34 
Surface Temperatures, March 1973 - April 1974 
Temperature ( °C) 
Station 
Date 1 2 3 4 5 6 7 
3-13-73 9·5 9-8 9·9 10.3 10.1 9·9 18.0 
4-9-73 11.1 11.9 11.2 11.3 11.2 11.0 18.8 
5-8-73 17.2 17-1 rr .1 17-l 17-2 17-2 17.2 
6-6-73 23.5 23-9 24.0 24.1 23-9 24.1 28.8 
7-6-73 27.0 26.8 26.9 27.4 27.2 27.2 35.6 
8-3-73 27-3 27.6 28.0 28.0 28.0 28.2 35-0 
9-4-73 28.8 28.9 28.6 29-0 28.9 28.8 36-9 
10-3-73 23.8 23-9 23-5 23-9 23-9 23.8 32.0 
ll-2-73 l6.l l6.2 16.7 16.2 l6.3 16.0 25.0 
12-3-73 11.5 11.8 11.7 11-5 11.9 12.0 21.1 
1-15-74 6.0 6.2 6.5 6.2 6.1 6.1 13 .o 
2-12-74 6.0 6.0 6.0 6.0 6.0 6.0 15.1 
3-13-74 9-2 9-8 9·8 9·8 9·0 9·8 14.0 
4-11-74 11.7 12.0 12.6 12.7 12.4 12.9 13-7 
X 16.3 16.6 16.6 16.7 16.6 16.6 23.2 
ANOVA 
Source df ss MS F 
Total 97 6809 
Stations 6 522 87 70 ** 
Dates 13 6191 476 384 ** 
Error 78 96 1.24 
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Figure 25. Seasonal patterns of surface temperature, 
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Figure 26. Density difference between water surface and bottom 
of pycnocline, and dissolved oxygen % saturation at 
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Correlation Analyses Between Bottom D.o.% Saturation and 
Density Difference Between Bottom of Pycnocline and Surface 
Period Sta. No. of df r 
pairs 
Agnes (6-24 - 8-29-72) York R. 31 29 
-·739 ** 
Mile 3.6 
April 6, 1972 - April 11, 1974 VEPCO 25 23 -.223 
Sta. 2 
April 9, 1973 - Oct. 3, 1973 VEPCO 7 5 -.733 
Sta. 2 
Sept. 14, 1972 - March 13, 1973 VEPCO 7 5 .036 
Sta. 2 
** Significant at ex= • 01 
92 
(Table 35). With only 5 degrees of freedom, however, the latter correlation 
is not significant (. 754 required for significance at the 5% level). 
The intensive sampling that was conducted by VIMS personnel immediately 
after Tropical Storm Agnes provided a large body of data that can be used 
to test for this relationship over a two month summer period. The data 
for a station at river mile 3.6, which is near VEPCO study station 3, are 
plotted in Figure 27. The correlation between the two sets of data is 
-.739, significant at the lo/o level (Table 35). Thus,a negative relationship 
between density stratification and bottom D.O. percent saturation is confirmed 
for the warmer months of the year. Furthermore, during the post-Agnes 
period short term fluctuations in density stratification were paralleled 
by equally rapid fluctuations in D.o. percent saturation. 
Comparison Between Years 
Effects of Tro·pical Storm Agnes 
The two study years differed sharply in terms of freshwater input to 
the York River system. Tropical Storm Agnes, in late June 1972, was respon-
sible for the peak discharges measured at the gauging stations located on 
the York's two major tributaries, the Mattaponi (Figure 28) and the Pamunkey 
(Figure 29). 
The vast input of fresh water associated with Agnes induced oscillations 
in salinity and dissolved oxygen levels in the York River that were observ-
able through the months of July and August 1972 (Figure 30). As shown in 
Figure 31, it was during July 1972 that both the lowest and the highest 
bottom salinities observed during the study period were measured. The 
initial depression in bottom salinity was due to the surge of fresh water 
moving through the system, while the extreme high values were due to a re-
Figure 27. Density difference between water surface and bottom of pycnocline 
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Figure 28. Monthly average discharge, Mattaponi River 
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Fgiure 29. Monthly average discharge, Pamunkey River 
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Figure 30. Salinity and D.O. variations, York River, post-
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Fgiure 31. Station 3 salinity, 12 m depth, 1972-74. 
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bound of high salinity oce.a.n water that moved into Chesapeake Bay and 
its lower tributaries in late July. 
Salinity and Dissolved Oyxgen 
Figure 32 presents plots of average surface and bottom salinities for 
stations l-4 for the two study years. Surface salinities in study year l 
were consistently lower than in study year 2, as a result of precipitation 
associated with Tropical Storm Agnes and with other storms during year l. 
Bottom salinities were distinctly depressed only during the immediate 
post-Agnes period. 
Mean surface and bottom dissolved oxygen concentratior.sshowed similar 
seasonal patterns in the two study years (figure 33). Minimum concentrations 
were lower in year 1, except during the autumn months. 
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Figure 33. Sta. 1-4 mean surface and 12m D.o., minimum D.O., 
1972-74. 
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Surface and Bottom Water Quality Data 
Data Presentation 
In Tables 36-6o the results obtained for pH, alkalinity, nutrients, 
chlorophyll ~ and transparency are presented. Surface and bottom means for 
stations l-4 are presented in Tables 61-63. 
Spatial Patterns 
Differences Between Surface and Bottom 
Paired t-tests were performed to detect significant differences between 
surface and bottom levels of 17 parameters at stations 1-4. Logarithmic trans-
formations were required to normalize the data for the following parameters 
prior to analysis: nitrite, nitrate, particulate N, total N, orthophosphate, 
dissolved organic P, particulate P, total P, inorganic c, particulate C, and 
chlorophyll .§:.· The t values and their levels of significance are shown in Tables 
64-66. 
Alkalinity showed the most consistent pattern, with bottom levels higher 
than surface levels on all sampling dates. The difference was statistically 
significant on 19 of the 25 dates. 
On 14 dates surface pH was higher than bottom pH, significantly so on 7 dates. 
Bottom pH was significantly higher on 4 dates. 
Of all the nitrogen forms, nitrite showed the highest frequency of significant 
differences between surface and bottom levels - 17 of 25 dates. On 9 dates 
bottom levels exceeded surface levels, while on 8 dates the pattern was reversed. 
Bottom nitrate levels were significantly higher than surface levels on 4 dates, 
and significantly lower on 3 dates. The most consistent pattern for nitrogen 
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Table 36 
Water Quality Data - April 6, 1972 
Station 1 l 2 2 3 3 4 I 4 
Depth (m) 1 16 l 14.5 .l 12 l 16 
·pH 8.42 8.05 8.29 8.00 8.21 7·90 8.18 7·90 
ALK (mg CaCC3/l) 69·5 89.6 68.2 87-7 68.0 86.0 66.8 76.7 
(meq/1) 1.39 1·79 1.37 1.75 1.36 1.72 l-34 1.53 
N02-N (fJ.g-at/1) .30 .44 .28 .45 .26 .46 -27 -36 
N03-N (fJ.g-at/1) ·70 1.76 .15 2.68 .26 2.36 .4o 1.18 
Dissolved Kjeldahl 
N (fJ.g-at/1) 19·3 15·7 14.3 15·7 12.1 15.7 19.3 25.0 
part. org. N (fJ.g-at/1). 6.42 24.3 15·7 21.4 13.6 20.0 5·7 12.1 
Total N (flg~at/1) 26.72 42.20 30.43 40.23 26.22 38-52 25.67 38.64 
ortho P (flg-at/l) 
-36 ·52 ·32 • 53 . 43 -7l ·39 .69 
diss. org. P (~g-at/1) .46 .46 ·52 .51 .41 -51 ·37 
part. org. P (~g-at/1) .43 .65 .31 • 43 .21 
Total P (~g-at/1) 1.25 1.63 1.15 1.20 1.33 1.27 
Chl §. (~g/1) 3-7 17.2 9-5 22.8 18.2 30.6 18.2 37.4 
Secchi Disk 
Transparency (m) 1.6 1.7 1.35 
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Table 37 
Water Quality Data - May 5, 1972 
Station l l 2 2 3 3 4 4 
Depth (m) l 10 l 13 l 12 l 13 
·pH . 8.25 8.05 8.30 8.05 8.20 8.05 8.25 8.05 
ALK (mg Caco3jl) 62.5 83 .o 61.8 82.0 58.6 83.4 6o.7 76.4 (meq_/1) 1.25 1.66 1.24 1.64 1.17 1.67 1.21 1.53 
N02-N (!J.g-at/1) .17 .40 .16 .34 .17 .34 .19 .45 
No3-N (!J.g-at/1) 1.15 4.83 ··74 5 ':{':< ......... 1.03 4.93 1.36 5.00 
Dissolved Kjeldahl 
N (!J.g-at/1) 19·3 27.1 24.3 25.0 22.8 ·30.00 25.7 25.7 
part. org. N (!J.g-at/1) 5.0 7.14 8.5'7 7.86 6.43 5.00 6.43 14.3 
Total N (!J.g-at/1) 25.62 39~ 47 33·77 38.53 30.43 40.27 33.68 45.45 
ortho P (!J.g-at/1) .30 .42 .26 .38 .21 .42 .26 
·37 
diss. org. P (!J.g-at/1) .o8 .14 .12 .10 .21 .16 .10 .19 
part. org. P (!J.g-at/1) .32 .58 .14 .36 .30 .32 .48 • 52 
Total P (!J.g-at/1) ·70 1.14 ·52 .84 .7'2 ·90 .84 1.08 
Chl §;. (!J.g/1) 3.2 8.5 8.0 11.4 7·1 11.2 10.2 10.0 
Secchi Disk 
Transparency (m) 2.0 1.8 1.48 1.35 
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Table 38 
Water Quality Data - June 15, 1972 
Station 1 1 2 2 3 3 4 I 4 
Depth (m) 1 14 1 14 1 14 1 16 
pH 7·85 8.10 7·75 8.00 7.72 7·95 7·70 7·85 
ALK ~mg Caco3jl) 68.2 79·0 67.6 76·5 67.0 75·7 66.7 67·9 meq/1) 1.36 1.58 1.35 1.53 1.34 1.51 1.33 1.36 
N02-N (f.lg-at/1) ·51 .41 .69 .44 ·71 .42 .78 ·73 
N03 -N (f_lg-at/1) 1.65 ·50 1.88 .41 1.83 .64 2.01 1.40 
Dissolved Kjeldahl 
N (f.lg-at/1) 15.7 18.6 24.3 17.8 17.1 12.1 19·3 25.0 
part. org. N (~g-at/1) 8.58 2.14 0 7.14 5.00 5.00 0 1.43 
Total N (f.lg-at/1) 26.44 21.65 26.87 25·79 24.64 18.16 22.09 28.56 
ortho P (f.lg-at/1) ·51 ·93 ·59 • 73 .67 1.00 .68 .65 
diss. org. P (f.lg-at/1) 
·59 .43 . 51 .43 .67 .4o .56 .49 
part. org. P (f.lg-at/1) .60 .90 .48 .52 .34 1.84 .56 1.26 
Total P (~g-at/1) 1.70 2.26 1.58 1.68 1.68 3-24 1.80 2.4o 
Chl .§:. (f.lg/1) 6.1 9·5 7·1 15.3 4.6 11.4 4.6 19·7 
Secchi Disk 
Transparency (m) 1.46 1.30 1.35 1.16 
105 
Table 39 
Water Quality Data • July 7, 1972 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 10 1 18 1 12 l 16 
:PH 7·70 7.85 7·75 7·25 7·50 7.30 7·45 7.20 
ALK (mg Caco3jl) 55·7 56.o 54.6 85·5 53.8 64.4 48.7 73.4 (meq/1) 1.11 1.12 1.09 1.71 1.08 1.29 ·98 1-47 
N02-N (~g-at/1) ·35 .34 .48 .43 .63 ·59 .68 ·56 
N03 -N (~g-at/1) 2.25 1.86 1.84 1.78 3.18 2.18 3·77 1.85 
NH3-N (~g-at/1) 13.6 n.4 15·7 22.1 17.1 17.8 16.4 23.6 Sol. org. N (~g-at/1) 23.6 32.2 37·9 42.2 46.4 38.6 37.8 35.7 
part. org. N (~g-at/1) 21.4 7·15 7.86 10.7 5.0 5.0 
Total N (~g-at/1) 61.20 52.95 63.78 69.87 63.65 66.71 
ortho P (~g-at/1) .41 .47 .65 1.58 .70 1.09 
·79 1.54 
diss. org. P (~g-at/1) .45 .47 • 58 .72 1.33 ·70 
part. org. P (~g-at/1) ·56 .82 .69 ·73 .81 .61 
Total P (~g-at/1) 1.42 1.94 2.85 2.15 3.23 2.85 2.85 
diss. inorg. 
C (~g-at/1) 666 708 708 1125 708 834 624 916 
diss. org. 
C (~g-at/1) 666 666 708 708 750 708 708 750 
part. C (~g-at/1) 125 83 41 41 125 250 166 41 
Total C (J.Lg-at/l) 1457 1457 1457 1874 1583 1792 1498 1707 
Chl .§:. (~g/1) 6.6 4.9 5.4 7·0 10.2 4.7 4.7 4.6 
Secchi Disk 
Transparency (m) 1.8 1.75 1.4 1~1 
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Table 40 
Water Quality Data - August 15, 1972 
Station 1 1 2 2 3 ":< 4 • 4 
-' 
Depth (m) 1 10 1 14 1 10 1 14 
pH 8.15 7·75 8.28 7·72 8.10 7·70 7·90 7·77 
ALK (mg Caco3jl) 67.3 74.2 66.8 77.0 66.9 70-5 65./' 69.0 (meq/1) 1.34 1.48 1.33 1.54 lo34 1.41 1.3J. 1.38 
N02-N (~J.g-at/1) ·50 ·57 ·35 .65 .54 .63 . 63 .67 
N03-N (~J.g-at/1) 1.98 2./'2 1.12 2.98 2.32 2.64 2-33 2.65 
NH3-N (~J.g-at/1) 8.58 12.85 10.72 24.23 10.72 21.42 12.8~i 20.00 
Sol. org. N (llg-at/1) 45·7 45.7 15.0 38.6 31.4 28.6 31.1.f 32.8 
part. org. N (~J.g-at/1) 10.0 12.1 37·1 4.28 29·3 9.28 10.7' 22.2 
Total N (~J.g-at/1) 66.76 73·94 64.29 70.74 74.28 62.57 57·91 78.32 
ortho P (~g-at/1) .46 ·98 l.54 l.17 .87 l.03 .61 .85 
diss. org. P (~J.g-at/1) .26 .11 .87 .07 
·39 .12 .24 .11 
part. org. P (~J.g-at/1) 1.06 1.71 l.06 1.67 1.00 l.OO 2.28 
Total P (~J.g-at/1) 1.78 2.80 2.30 2.93 2.15 1.85 3.24 
diss. inorg. 
c (~J.g-at/1) 875 1000 792 958 834 834 875 1000 
diss. org. 
C (~J.g-at/1) 666 666 875 750 708 960 708 625 
part. C (~J.g-at/1) 167 208 125 250 42 125 
Total C (~J.g-at/1) 1708 1874 1833 1792 1625 1750 
Chl ~ (~J.g/1) 15.6 5· 4 94.0 3·9 25.6 7.6 8.8 5.8 
Secchi Disk 
Transparency (m) 1.15 1.30 1.20 1.10 
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Table 41 
Water Quality Data - September 14, 1972 
Station 1 1 2 2 3 3 '4 4 
Depth (m) 1 14 1 14 1 14 1 12 
pH 7.80 7-85 7.80 7-82 7-80 7-83 7-82 7-80 
ALK (mg CaC03j1) 74-5 86.0 73· 7 83.6 73.1 80.5 73·8 75-3 
(meq/1) 1.49 1.72 1.47 1.67 1.46 1.61 1.47 1.51 
N02-N (IJ.g-at/1) 6.77 
-37 7.03 .45 6.10 .48 5.61. 1.79 
NOJ -N ( IJ.g-at/1) 3.6o 1-57 3. 51 1.72 2.99 1.58 3·59 2.49 
NH3-N (IJ.g-at/1) 25.80 27.80 17.80 24.30 32.20 27.80 35-70 34.30 
ortho P (IJ.g-at/1) 1.05 1.27 1.11 1.43 1.35 1.82 1.16 1.39 
diss. org. P (IJ.g-at/1) .69 .69 .65 .83 .65 .70 .66 
-70 
part. org. P (IJ.g-at/1) .58 2.00 .63 4.30 .32 11.91 .40 2.41 
Total P (IJ.g-at/1) 2.32 3.96 2.39 6.56 2.32 14.43 2.22 4.50 
diss. inorg. 
C (IJ.g-at/1) 1000 1168 1040 1168 1040 1123 1080 1123 
diss. org. 
C (IJ.g-at/1) 625 583 666 625 583 583 625 583 
part. C (IJ.g-at/1) 205 209 84 417 167 964 85 254 
Total C (IJ.g-at/1) 1830 1960 1790 2210 1790 2670 1790 196o 
Chl §.. (1-lg/1) 2.2 1.7 1-7 1-7 1-7 3.2 1.7 1-7 
Secchi Disk 
Transparency (m) 1.40 1.43 1.43 1.45 
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Table 42 
Water Quality Data - October 17, 1972 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 14 1 14 1 12 l 12 
pH 8.10 7·90 8.05 7-85 8.oo 7-90 8.00 7·95 
ALK (mg Caco3jl) 75-3 93-2 75-8 93 .o 72.2 89.1 73 ·9 87.2 (meq_/1) 1.51 1.86 1.52 1.86 1.44 1.78 1.48 1.74 
N02-N (!-lg-at/1) 1.54 1.98 1.52 1.97 1.37 2.12 1.58 2.17 
N03-N (!-lg-at/1) 3.41 3-72 3-24 3-04 8.50 2.58 3.38 2.61 
NH3-N (!-lg-at/1) 2.00 16.oo 2.00 l4.oo 2.00 8.oo 6.oo 10.00 
Sol. 0rg. N (1-lg-at/l) 24.00 32.00 22.00 32.00 20.00 24.00 18.00 l4.oo 
part. org. N (!-lg-at/1) 6.oo 6.oo 12.00 16.oo 26.oo 22.00 16.oo 22.00 
Total N (1-lg-at/l) 36.95 59·70 40.76 67.01 57-87 58-70 44.96 50-78 
ortho P (1-lg-at/l) .64 1.66 .68 1.79 .87 1.23 .88 1.06 
diss. org. P (!-lg-at/1) .30 .34 .34 .13 
-31 -35 .30 .36 
part. org. P (!-lg-at/1) .62 .78 .42 .60 
-38 .64 .38 -58 
Total P (1-lg-at/l) 1.56 2.78 1.44 2. 52 1.56 2.22 1.56 2.00 
diss. inorg. 
C (1-lg-at/l) 1290 1625 1373 1582 1166 1458 1208 1332 
diss. org. 
C (1-lg-at/l) 333 291 250 291 416 375 416 500 
part. C (!-lg-at/1) 167 204 12'7 127 88 127 46 128 
Total C (1-lg-at/l) 1790 2120 1750 2000 1670 1960 1670 l96o 
Chl ~ (1-lg/1) 3·7 5-8 3·7 3·7 3.8 5.8 3-1 6.7 
Secchi Disk 
Transparency (m) not taken 
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Table 43 
Water Quality Data - November 17, 1972 
Station l l 2 2 3 3 4 4 
Depth (m) 1 14 l 17 . l 13 l 22 
pH 7-85 7-92 7-82 7-90 7-78 7-85 7-82 7-82 
ALK (mg Caco3jl) 71·7 78-7 70.2 83.0 72.6 79-7 73·3 so~ (meq/l) 1.43 1.57 1.40 1.66 1.45 1·59 1.46 1. 2 
No2-N (j..i.g-at/1) .48 .4o • 49 ·75 -51 ·53 • 53 .61 
N03-N (j..i.g-at/1) 5-05 1.72 5-29 2.26 4.83 2.23 4.20 2.81 NH3-N (j..i.g-at/1) 0 2-57 1.21 2.21 1.00 2.00 ·78 3.21 Sol. org. N (j.J.g-at/1) 20.2 18.84 20.00 24.4 20.6 20.00 20.8 19.6 
part. org. N (j..i.g-at/1) 
-57 11.8 6.2 1.85 5.86 2.43 6.85 7.43 
Total N (j..i.g-at/1) 26.30 35-33 33-19 31.47 32.80 27-19 33-16 33-66 
ortho P (j..i.g-at/1) ·57 .36 .65 -71 .67 .6o ·59 .63 
diss. org. P (j..i.g-at/1) .47 
-53 ·57 .6o ·57 .47 .69 ·54 
part. org. P (j..i.g-at/1) .18 .18 
-17 -37 .26 .61 .07 ·57 
Total P (j..i.g-at/1) 1.22 1.07 1.39 1.68 1.50 1.68 1.35 1.74 
diss. inorg. 
C (j.J.g-at/1) 1080 1210 1124 1290 1124 1210 1168 1250 
diss. org. 
C (j..i.g-at/1) 834 790 790 750 790 834 708 750 
part. C (j..i.g-at/1) 
Total C (j.J.g-at/1) 
Chl ~ (j..i.g/1) 6.8 7-3 6.3 8.1 6.8 s.o 6.1 7·5 
Secchi Disk 
Trans·parency (m) 2.3 1.8 1.8 1.25 
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Table 44 
Water Quality Data - December 14, 1972 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 14 1 14 1 15 1 20 
pH 7-80 7-84 7-80 7-87 7-80 7.84 7-78 7-89 
ALK (mg CaC03jl) 70.4 72.3 68.7 77·3 65.3 76.2 61.2 76·5 
(meq_/1) 1.41 1.45 1.37 1.55 1.31 1.52 1.22 1.53 
N02-N (!-Lg-at/1) -54 -54 -55 .69 .49 .66 .21 .68 
N03-N (j..Lg-at/1) 5.02 4.85 6.34 4.49 8.49 4.6o 7-77 4.84 
NH3-N (!-Lg-at/1) -57 1.78 0 78 1.57 1.43 2.00 3.00 4.57 
Sol. org. N (!-Lg-at/1) 25.8 17.6 14.4 13.00 10.6 9-42 11.2 8.86 
part. org. N (j..Lg-at/1) ll.4 4.0 6.57 5-0 3.2 8.36 3-21 10.6 
Total N (!-Lg-at/1) 43.33 28.77 28.64 24.75 24.21 25.04 25.39 29-55 
ortho P (!-Lg-at/1) .15 .36 .43 .47 .47 .49 ·52 ·54 
diss. org. P (!-Lg-at/1) 
·75 .6o .64 ·57 .45 .56 .65 -50 
part. org. P (!-Lg-at/1) .49 .19 .13 
-37 .45 -50 .22 -94 
Total P (!-Lg-at/1) 1.39 1.15 1.20 1.41 1-37 1.55 1.39 1.98 
Chl .§:. (1-Lg/1) 4.2 4.9 3.4 4.7 3.2 4.4 4.2 6.1 
Secchi Disk 
Transparency (m) 2.2 1.7 1.7 1.5 
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Table 45 
Water Quality Data - January 12, 1973 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 16 1 14 1 16 1 18 
pH 7-80 7.87 7·89 7.88 7.88 7 ·91 7·90 
ALK (mg CaC03jl) 64.5 84.0 63.3 86.1 61.5 86.5 64.6 75·7 (meq/1) 1-29 1.68 1.27 1.72 1.23 1.73 1.29 1.51 
N02-N (f.Lg-at/1) .47 ·55 .42 . 57 .47 ·57 .48 .56 
N03-N (f.Lg-at/1) 10.6 10.6 11.4 9.06 12.6 10.4 10.3 9·91 
NH3 -N (f.Lg-at/1) 0 0 0 0 0 0 0 0 Sol. org. N (f.Lg-at/1) 26.o 18.0 18.0 26.o 18.0 . 20.0 8.0 12.0 
part. org. N (f.Lg-at/1) 14.0 18.0 12.0 16.0 4.0 12.0 18.0 20.0 
Total N (f.Lg-at/1) 51.07 47.15 41.82 51.63 35.07 42.97 36.78 42.47 
ortho P (f.Lg-at/1) .34 ·39 .31 .36 ·33 .36 .28 .31 
diss. org. P (f.Lg-at/1) .47 .36 .42 .41 .38 
-39 .43 .4o 
part. org. P (f.Lg-at/1) ·54 .38 -33 .62 ·50 1.31 .10 .81 
Total P (f.Lg-at/1) 1.35 1.13 1.06 1-39 1.21 2.06 .81 1.52 
diss. inorg. 
C (f.Lg-at/1) 1042 1250 958 1125 875 1208 875 958 
diss. org. 
C (f.Lg-at/1) 792 833 750 958 792 833 792 917 
part. C (f.Lg-at/1) 0 0 0 84 41 209 166 167 
Total C (f.Lg-at/1) 1834 2083 1708 2167 1708 2250 1833 2042 
Chl. .§. (f.Lg/1) 6.1 4.1 5-8 5-9 5.6 8.1 7·0 6.1 
Secchi Disk 
Transparency (m) 1-45 1.50 1.20 1.30 
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Table 46 
Water Quality Data - February 12, 1973 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 14 1 14 1 14 1 25 
pH 7·67 7·78 7·77 7·83 7.69 7·78 7·78 7·87 
ALK ~mg Caco3/1) 52·7 72.3 53·0 72.1 53 ·7 74·5 44.6 71.2 
meq./1) 1.05 1.45 1.06 1.44 1.07 1.49 .89 1.42 
N~-N (!J.g-at/1) .25 .28 .25 .30 -25 .30 .24 .31 
N03-N (!J.g-at/1) 10.8 11.7 11.2 7·52 10.4 7·74 12.6 7-20 
NH3-N (!J.g-at/1) 4.0 6.0 10.0 14.0 6.0 12.0 10.0 8.0 Sol. org. N (f.l.g-at/1) 18.0 18.0 8.0 12.0 12.0 6.0 6.o 10.0 
part. org. N (f.l.g-at/1) 10.0 16.0 14.0 30.0 8.0 20.0 16.0 16.o 
Total N (f.l.g-at/1) 43.05 51.98 43.45 63.82 36.65 46.o4 44.84 41.51 
ortho P (f.l.g-at/1) 
-35 .44 .29 ·39 .32 .43 .45 .34 
diss. org. P (!J.g-at/1) .65 .44 .42 .40 .46 .40 .49 ·39 
part. org. P (~g-at/l) 
-75 l-58 -77 l.ll .86 l-06 l.l7 l-08 
Total P (!J.g-at/1) 1.75 2.46 1.48 1.90 1.64 1.89 2.ll 1.81 
diss. inorg. 
C (!J.g-at/1) 1000 1208 917 1208 875 1167 792 1042 
diss. org. 
C (f.l.g-at/1) 583 709 625 375 417 583 666 875 
part. C (f.l.g-at/1) 84 250 125 500 375 292 84 125 
Total C (!J.g-at/1) 1667 2167 1667 2083 1667 2042 1542 2042 
Chl. §.. (!J.g/1) 8.1 8.5 9·7 9-3 10.0 11.7 17-2 9-2 
Secchi Disk 
Transparency (m) .80 ·90 .85 .6o 
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Table 47 
Water Quality Data - March 13, 1973 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 18 1 14 1 14 1 23 
pH 7-81 7·90 7·85 7·85 7.80 7·85 7·78 7·76 
.ALK (mg CaC03j1) 63.6 87·3 62.2 70·5 58.8 76·3 59·5 82.7 (meq/1) 1.27 1.74 1.24 1.41 1.17 1.52 1·19 1.65 
N02-N (!J.g-at/1) .25 .29 .25 .28 .26 .28 .25 ·31 
N03 -N (!J.g-at/1) 6.20 8.32 6.39 7·70 7.24 8.14 6.92 9·36 
NH3-N (!J.g-at/1) 6.o 4.o 6.o 4.o 6.o 2.0 4.0 2.0 
Sol. org. N (!J.g-at/1) 16.o 12.0 6.o 12.0 10.0 10.0 12.0 6.o 
part. org. N (!J.g-at/1) 18.0 12.0 28.o 6.o 12.0 10.0 18.0 36.0 
Total N (!J.g-at/1) 46.45 36.61 46.64 29.98 35.50 30.42 41.17 53.67 
ortho P (!J.g-at/1) ·33 .50 ·39 .34 .38 .43 ·35 ·54 
diss. org. P (!J.g-at/1) .63 ·50 ·57 . 53 .62 1.31 .61 ·92 
part. org. P (!J.g-at/1) .61 1.35 .65 ·33 .65 .15 ·74 ·71 
Total P (!J.g-at/1) 1·57 2.35 1.61 1.20 1.65 1.89 1.70 2.17 
diss. inorg. 
C (!J.g-at/1) 833 1125 875 958 875 875 833 1083 
diss. org. 
C (!J.g-at/1) 833 917 792 792 750 917 750 959 
part. C (!J.g-at/1) 84 208 166 125 83 166 125 125 
Total C (!J.g-at/1) 1750 2250 1833 1875 1708 1958 1708 2167 
Chl ~ (!J.g/1) 4.5 9·0 7·4 5·4 6.o . 7·9 7·4 11.2 
Secchi Disk 
Transparency (m) 1.26 1.17 1.02 ·90 
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Table 47 (continued) 
Water Quality Data - March 13, 1973 
Station 5 5 6 6 7 
Depth (m) 1 7 1 8 1 
pH 7·74 7·79 7·81 7.81 8.21 
ALK (mg CaC03j1) 57-5 67.3 6o.8 70·9 62.2 (meq/1) 1.15 1·35 1.22 1.42 1.24 
N02-N (f.l.g-at/1) .25 .27 .30 .29 .27 
N03-N (f.l.g-at/1) 7·35 6.99 7-97 7·55 4.4o 
NH3-N (~Jg-at/1) 4.o 6.o 8.0 4.0 2.0 Sol. org. N (f.l.g-at/1) 10.0 6.o 10.0 8.0 10.0 
part. org. N (f.l.g-at/1) 16.0 24.0 18.0 20.0 14.0 
Total N (f.l.g-at/1) 37.6o 43.26 44.27 39.84 30.67 
ortho P (f.l.g-at/1) ·37 .42 ·39 .42 .27 
diss. org. P (f.l.g-at/1) .72 .62 ·96 .67 .6o 
part. org. P (f.l.g-at/1) .61 .94 .15 .45 .46 
Total P (f.l.g-at/1) 1.70 1.98 1.50 1.54 1.33 
diss. inorg. 
C (f.l.g-at/1) 792 833 792 917 792 
diss. org. 
C (f.l.g-at/1) 792 959 833 917 875 
part. C (f.l.g~at/1) 124 83 167 83 0 
Total C (f.l.g-at/1) 1708 1875 1792 1917 1667 
Chl ~ (f.l.g/1) 6.1 7·9 6.0 6.9 4.5 
Secchi Disk 
Transparency (m) 1.07 1.02 
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Table 48 
Water Quality Data - April 9, 1973 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 14 1 22 1 14 1 25 
pH 7.88 7·90 8.01 7·78 7·90 7·79 8.oo 7. 73 
ALK (mg Caco3jl) 69·5 70.3 66.9 70.8 65.6 70.2 62.4 68.6 
· (meg_/1) 1.39 1.41 1.34 1.42 1.31 1.40 1.25 1.37 
N02-N (IJ.g-at/1) .26 .28 .27 .28 .30 .27 ·31 .34 
N03-N (~J.g-at/1) 5·33 4.99 4.46 4.63 4.33 4.46 4-07 4.32 NH3-N (IJ.g-at/1) 0 0 0 0 0 0 0 0 Sol. org. N (iJ.g-at/1) 21.0 17.6 12.2 11.2 9.21 7.21 2.43 15.4 
part. org. N (IJ.g-at/1) 1.79 3·83 21.0 5·37 42.8 20.0 28.4 11 .. 0 
Total N (IJ.g-at/1) 28.38 26.70 37-93 21.48 56.64 31.94 35·21 31.06 
ortho P (iJ.g-at/1) ·35 .23 ·39 .24 ·92 .36 ·76 ·51 
diss. org. ·.p (iJ.g-at/1) 1. 73 ·97 2.45 1.64 2.56 2.08 1.80 2.37 
part. org. P (iJ.g-at/1) 1.12 .82 .80 1.06 . 58 .4o l.to ·54 
-
Total P (iJ.g-at/1) 3.20 2.02 3.64 2•94 4.o6 2.84 4.16 3.42 
diss. inorg. 
C (~J.g-at/1) 1250 1042 958 1042 958 1000 875 958 
diss. org. 
C (~J.g-at/1) 650 858 . 884 800 825 900 850 884 
part. C (IJ.g-at/1) 58 117 116 175 284 117 233 175 
Total C (iJ.g-at/1) 1958 2017 1958 2017 2067 2017 1958 2017 
Cb1 ~ (IJ.g/1) 1.7 1.3 2.6 1·7 3.1 1.4 5.2 2.5 
Secchi Disk 
Transparency (m) 2.04 l.25 .80 .84 
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Table 48 (continued) 
Water Quality Data - April 9, 1973 
Station 5 5 6 6 6 7 
Depth (m) 1 9 1 4 8 1 
pH 7·91 7·75 7·92 7.86 7.80 7·72 
ALK (mg CaC03/l) 64.9 67.8 65.1 65.4 67·9 65.5 (meq/1) 1.30 1.36 1.30 1.31 1.36 1.31 
N02-N (f.l.g-at/1) ·31 .28 .31 .30 .29 .31 
N03-N (f.l.g-at/1) 4.21 4.20 4.55 4.13 4.08 3.76 
NH3 -N (f.l.g-at/1) 0 0 0 0 0 0 
Sol. org. N (f.l.g-at/1) 3·79 6.21 8.57 11.4 8.21 7·57 
part. org. N (f.l.g-at/1) 24.2 18.2 24.6 7 ·39 3·79 15.6 
Total N (f.l.g-at/1) 32.51 28.89 38.03 23.22 16.37 27.24 
ortho P (f.l.g-at/1) .45 .42 ·58 .27 .29 .28 
diss. org. P (f.l.g-at/1) 2.15 2.30 2.58 2.33 2.07 2.28 
part. org. P (f.l.g-at/1) .g8 .26 1.22 .68 .08 .64 
Total P (f.l.g-at/1) 3.58 2.98 4.38 3.28 2.44 3.20 
diss.· inorg. 
C (f.l.g-at/1) 875 1000 917 917 917 875 
diss. org. 
C (f.l.g-at/1) 850 842 808 866 866 850 
part. C (f.l.g-at/1) 233 175 233 117 117 117 
Total C (f.l.g-at/1) 1958 2017 1958 1900 1900 1842 
Chl ~ (f.l.g/1) 2.0 2.1 1·7 1.6 2.1 1.9 
Secchi Disk 
Transparency (m) 1.22 1.08 
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Table 49 
Water Quality Data - May 8, 1973 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 18 1 16 1 12 1 18 
pH 7.68 7·87 7·51 7·73 7·50 7·54 7·47 7.41 
ALK (mg caco3/l) 62.9 69.4 62.7 71.0 65.7 68.4 62.4 67.3 (meq/1) 1.26 1.39 1.25 1.42 1.31 1.37 1.25 1.35 
N02-N (f.lg-at/1) .o6 .09 .07 .10 .08 .10 .07 .o8 
N03 -N (f.lg-at/1) .66 1.11 ·73 1.40 .86 1.36 .82 1.20 
NH3 -N (f.lg-at/1) 0 0 0 0 3.21 6.oo 5·43 7.43 
Sol. org. N (f.lg-at/1) 10.21 14.79 8.57 15.21 10.57 10.79 4.14 4.00 
part. org. N (f.lg-at/L) 10.00 12.79 25.21 22.00 24.00 24.00 31.86 36.57 
Total N (f.lg-at/1) 20.93 28.78 34.58 38.71 38.72 42.25 42.32 49.28 
ortho P (f.lg-at/1) .32 .54 . 52 .64 ·55 . 67 . 53 • 55 
diss. org. P (f.lg-at/1) ·74 1.07 1.02 . 66 .83 ·79 ·93 .69 
part. org. P (f.lg-at/1) .54 
·77 1.01 1.10 .82 1.54 .84 2.38 
Total P (f.lg-at/1) 1.60 2.38 2.55 2.40 2.20 3.00 2.30 3.62 
diss. inorg. 
C (f.lg-at/1) 1142 1100 983 1025 942 983 942 983 
diss. org. 
C (f.lg-at/1) 833 933 992 1008 967 992 967 1050 
part C (f.lg-at/1) 183 250 183 250 192 308 250 250 
Total C (f.lg-at/1) 2158 2283 2158 2283 2101 2283 2159 2283 
Ch1 ~ (f.lg/1) 5.4 8.8 5.3 9·7 5·2 12.9 9·7 13.8 
Secchi Disk 
Transparency (m) l.46 l.2o 1 .• 20 l.2o 
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Table 49 (continued) 
Water Quality Data - May 8, 1973 
Station 5 5 6 6 ·6 7 
Depth (m) 1 10 1 5 10 1· 
pH 7-41 7-53 7-56 7-46 7·53 7-52 
ALK (mg CaC~/1) 63.7 68.8 63.8 54.8 68.7 65.4 
(meq/1) 1.27 1-38 1.28 1.10 1.37 1.31 
N02-N (IJ.g-at/1) 
-07 ~09 .05 .05 -09 .o6 
N03 -N (IJ.g-at/1) 1.10 1-58 1.08 1-30 2-15 .69 
NH3 -N (IJ.g-at/1) 13.21 10-57 0 8.oo 7-43 8.43 
Sol. org. N (IJ.g-at/1) 2.36 5-00 5-57 5·57 2-57 2-57 
part. org. N (IJ.g-at/1) 18.00 32.00 22.43 17.86 29.43 16.oo 
Total N (IJ.g-at/1) 34-74 49.24 29-13 32-78 41.67 27·75 
ortho P (IJ.g-at/1) ·59 ·73 ·59 -50 .63 .47 
diss. org. P (IJ.g-at/1) 
·79 ·91 -91 ·90 1.47 ·97 
part. org. P (~g-at/l) .86 2.12 .66 
-50 .44 ·78 
Total P (IJ.g-at/1) 2.24 3-76 2.16 1.90 2.54 2.22 
diss. inorg. 
C (IJ.g-at/1) 942 942 900 942 983 900 
diss. org. 
C (~-at/1) 1033 1158 1075 1092 1050 1075 
part. C (IJ.g-at/1) 183 242 125 67 183 183 
Total C (IJ.g-at/1) 2158 2342 2100 2101 2216 2158 
Chl ~ (IJ.g/1) 7·8 16.8 10.5 6.6 11.0 6.2 
Secchi Disk 
Transparency (m) 1.16 1.22 o.6 
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Table so 
Water Quality Data - June 6, 1973 
Station 1 l 2 2 3 3 4 4 
Depth (m) 1 14 1 10 1 9 11 24 
pH 7.80 7.86 7·76 7·79 7·72 7·71 7·76 7.63 
ALK (mg cac~/1) 67·7 72·9 67 ·5 69.8 67·9 69·9 63.7 69.1 (meq/1) 1.35 1.46 1.35 1.40 1.36 1.40 .1.27 1.38 
N02-N (!lg-at/1) .43 .27 .48 .36 ·55 .41 .62 ·52 N03-N (!lg-at/1) 2.20 1.62 2.20 1.40 2.24 1.61 2·63 2.20 
NH3 -N (!lg-at/1) 5.00 ,16.43 16.43 17.86 7.86 9·29 12.86 14.29 
Sol. org. N (!lg-at/1) 24.29 15.71 6.43 1.43 11.43 12.14 10.00 14~29 
part. org. N (!lg-at/1) 10.00 9·29 7.86 8.57 6.43 8.57 7.86 8.57 
Total N (!lg-at/1) 41.92 43.32 33.40 29.62 28.51 32.02 33·97 39.87 
ortho P (llg-at/1) . 67 ·93 ·55 1.04 . 58 .86 .47 1.01 
diss. org. P (!lg-at/1) .85 
·93 ·97 ·98 ·74 ·78 ·77 . 75 
part. org. P (!lg-at/1) .64 1.20 .30 .02 .66 1.26 .88 2.88 
Total P (!lg-at/1) 2.16 3.06 1.82 2.04 1.98 2.90 2.12 4.64 
diss. inorg. 
C (!lg-at/1) 740 832 787 832 787 787 740 740 
diss. org. 
C (!lg-at/1) 1121 1157 1010 1028 1010 946 992 1057 
part. C (llg-at/1) 181 277 252 242 306 461 370 56o 
Total C (!lg-at/1) 2042 2266' 2049 2102 2103 2194 2102 2357 
qhl ~ (llg/1) 4.4 6.3 4.1 5.4 4.2 5·1 5.6 9·2 
Secchi Disk 
Transparency (m) 1.23 1.21 1..21 1.00 
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Table 50 (continued) 
Water Quality Data - June 6, 1973 
Station 5 5 6 6 6 7 
Depth (m) 1 10 1 5 10 1• 
pH 7-70 7.66 7-71 7·71 7.66 7·76 
ALK (mg CaC03j1) 65·9 68.7 67.2 68.4 69·9 75·9 (meq/1) 1.32 1.37 1.34 1·37 1.4o 1.52 
N~-N (f.!.g-at/1) ·58 ·53 ·59 ·52 ·56 ·51 
N03-N (f.!.g-at/1) 2.47 2.04 2.40 2.11 2.25 1.85 
NH3-N (f.!.g-at/1) 14.29 12.86 6.43 7.14 7.86 7·14 
Sol. org. N (f.!.g-at/1) 2.86 15.00 12.14 10.00 12.14 10.71 
part. org. N (f.!.g-at/1) 7.14 8.57 7.14 13.57 14.29 9·29 
Total N (f.!.g-at/1) 27.34 39.00 28.70 33.34 37.10 29.50 
ortho P (f.!.g-at/1) .44 .so .4o 
·79 .69 .86 
diss. org. P (~g-at/l) .86 ·94 .86 ·7l .8l .88 
part. org. P (f.!.g-at/1) 
-58 1.04 1.02 -54 -70 .86 
Total P (f.!.g-at/1) 1.88 2-78 2.28 2.04 2.20 2.6o 
diss. inorg. 
C (f.!.g-at/1) 740 74o 740 74o 787 832 
diss. org. 
C (f.!.g-at/1) 928 992 992 992 1010 1092 
part. C (f.!.g-at/1) 343 370 262 298 252 322 
Total C (f.!.g-at/1) ?011 2102 1994 2030 2049 2246 
Chl ~ (f.!.g/1) 4.4 6.3 3-7 4.1 4.6 3-1 
Secchi Disk 
Transparency (m) 1.10 1.10 1.10 
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Table 51 
Water Quality Data - July 6, 1973 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 22 1 20 1 15 1 25 
pH 7·87 7.30 7·69 7·30 7.62 7·33 7·79 7.31 
ALK (mg CaC03/l) 69.2 70.4 68.8 69.0 70.2 70.2 68.2 71·3 
(meg./1) 1.38 1.41 1.38 1.38 1.4o 1.40 1.36 1.43 
N02-N (!-lg-at/1) .o6 .13 .o6 .12 .09 .18 .09 .16 
N03-N (!-lg-at/1) 1.12 1.00 ·70 . 65 1.41 .81 .64 ·79 
NH3 -N (!-lg-at/1) 2.21 3.00 0 4.21 0 0 3.00 3·57 
Sol. org. N (!-lg-at/1) 15.8 13.8 8.57 3.00 8.00 11.8 12.4 6.43 
part. org. N (!-lg-at/1) 5-43 1.21 15.6 16.4 10.8 9·43 12.6 20.8 
Total N (!-lg-at/1) 24.62 19.14 24.93 24.38 20.30 22.22 28.73 31.75 
ortho P (!-lg-at/1) 
·93 ·58 .83 ·75 .67 .82 ·70 .81 
diss. org. P (!-lg-at/1) ·78 ·96 2.09 1.08 1.54 ·91 2.01 .69 
part. org. P (!-lg-at/1) 1.32 1.86 .48 1·35 ·59 2.22 ·39 3.70 
Total P (!-lg-at/1) 3.03 3.40 3.40 3.18 2.80 3·95 3.10 5·20 
diss. inorg. 
C (!-lg-at/1) 740 879 832 879 832 925 925 879 
diss. org. 
C (!-lg-at/1) 1121 982 1092 982 1092 936 1000 1046 
part. C (!-lg-at/1) 206 278 341 242 214 314 268 268 
Total C (1-lg-at/l) 2067 2139 2265 2103 2138 2175 2193 2193 
Chl .§. (!-lg/1) 8.4 3.6 17.0 4.1 10.2 4.9 13.1 7·5 
Secchi Disk 
Transparency (m) 1.44 1.25 1.18 1.04 
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Table 51 (continued) 
Water Quality Data - July 6, 1973 
Station 5 5 6 6 6 7 
Depth (m) 1 9 0 4 9 1 ' 
pH 7·70 7·30 7·75 7·69 7·69 7.80 
ALK (mg CaC~/1) 69.4 69·9 70.0 69·7 70·5 72.1 (meq/1) 1.39 1.40 1.4o 1.39 1.41 1.44 
N~-N (IJ.g-at/1) .07 .17 .09 .09 .14 .13 
No3-N (IJ.g-at/1) .83 .65 1.19 . 66 ·77 .98 
NH3 -N (IJ.g-at/1) 2.79 3.43 0 2.21 0 0 
Sol. org. N (~J.g-at/1) 10.4 6.14 13.4 5-79 11.4 11.4 
part. org. N (~J.g-at/1) 18.6 11.2 38.4 4.43 17-0 22.6 
Total N (IJ.g-at/1) 32.69 21.59 53.08 13.18 29.31 35.11 
ortho P (~J.g-at/1) 
-76 .68 1.21 -58 .51 .68 
diss. org. P (~J.g-at/1) 1.03 .76 1-50 ·92 .84 ·97 
part. org. P (~J.g-at/1) 1.79 2.11 ·72 1.30 1.78 2.08 
Total P (~J.g-at/1) 3.58 3·55 3-43 2.80 3-13 3-73 
diss. inorg. 
C (IJ.g-at/1) 925 925 879 925 925 879 
diss. org. 
C (~J.g-at/1) 1064 1000 lllO 1064 936 1046 
part. C (IJ.g-at/1) 204 178 440 78 242 268 
Total C (~J.g-at/1) 2193 2103 2429 2067 2103 2193 
Chl ~ (IJ.g/1) 17·7 5·5 30.3 7·0 5·0 4.8 
Secchi Disk 




Water Quality Data - August 3, 1973 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 . 20 1 20 1 11+ 1 24 
pH 7.61 7·50 7·64 7·50 7.69 7·58 7 .6o 7.60 
ALK (mg CaC0:3/l) 75·7 82.i 76.0 79·6 76·5 78.4 78.0 78.8 (meq/1) 1.51 1.64 1.52 1.59 1.53 1.57 1.56 1.58 
N02-N (f.l.g-at/1) .89 .56 .68 .80 .66 .62 ·76 .65 
N03-N (f.l.g-at/1) .82 1.40 .63 ·95 .61 ·57 .61 ·91 
NH3 -N (f.Lg-at/1) 0 9·57 4.00 19·57 5.21 10.79 5.21 15.43 
Sol. org. N (f.Lg-at/1) 11.21 6.64 15.21 .64 13.00 1.43 6.21 1.00 
part. org. N (f.Lg-at/1) 21.57 28.00 18.36 8.79 18.57 12.21 10.36 32·57 
Total N (f.Lg-at/1) 34.49 1~6.17 38.88 30.75 38.05 25.62 23.15 50·56 
ortho P (f.l.g-at/1) .83 1.40 ·97 1.18 1.09 1.01 ·93 1.13 
diss. org. P (f.Lg-at/1) 
·92 ·93 ·99 ·90 1.08 ·93 .86 ·97 
part. org. P (f.Lg-at/1) 1.10 3.45 1·37 2.05 1.08 1.66 1.14 4.18 
Total P (f.Lg-at/1) 2.85 5·78 3·33 4.13 3.25 3.6o 2.93 6.28 
diss. inorg. 
C (f.l.g-at/1) 1342 1342 1295 1388 1527 1480 1527 1434 
diss. org. 
C (f.l.g-at/1) 968 840 1143 794 1040 1151 1232 812 
part. C (f.l.g-at/1) 1427 1935 1425 1808 1297 1042 1104 1491 
Total C (f.l.g-at/1) 3737 4117 3863 3990 3864 3673 3863 3737 
Chl .§. ( f.l.g/1 ) 6.6 5·6 11.8 5·3 14.3 5.4 4.6 7·3 
Secchi Disk 
Transparency (m) 1.20 1.17 1.14 1.08 
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Table 52 (continued) 
Water Quality Data - August 3, 1973 
Station 5 5 6 6 6 7 
Depth (m) 1 8 1 4.5 9 1 
pH 7·78 7.68 7.66 7·65 7.66 7.66 
ALK (mg CaC03j1) 78·7 78.0 77·9 77·9 77·7 80.1 (meq/1) 1.57 1.56 1.56 1.56 1.55 1.6o 
N02-N (!-Lg-at/1) .67 ·59 ·73 .68 1.10 ·91 
N03 -N (!-Lg-at/1) . 63 -71 .65 -72 1.00 ·96 
NH3 -N (!-Lg-at/1) 13.21 15.43 11.43 10.57 33.21 11.43 
Sol. org. N (!-Lg-at/1) 1.00 ·57 1.57 3-00 2.36 3·79 
part. org. N (!-Lg-at/1) 17.57 9·79 13.21 6.43 12.21 12.57 
Total N (!-Lg-at/1) 33.08 27.09 27.59 21.40 49.88 29.66 
ortho P (!-Lg-at/1) 1.13 ·92 ·92 ·91 ·97 1.04 
diss. org. P (!-Lg-at/1) 1.41 1.43 1.04 ·74 ·95 1.71 
part. org. P (!-Lg-at/1) ·96 1.05 1.22 2.05 1.86 1.05 
Total P (!-Lg-at/1) 3·50 3.40 3.18 3. 70 3.78 3.80 
diss. inorg. 
C (!-Lg-at/1) 1480 1480 1480 1434 1527 1572 
diss. org. 
C (!-Lg-at/1) 1279 1151 894 1389 1168 1315 
part. C (!-Lg-at/1) 1104 1042 1172· 787 788 786 
Total C (!-Lg-at/1) 3863 3673 3546 3610 3483 3673 
Chl .§. (!-Lg/1) 17.0 7·6 7·8 6.6 4.7 8.0 
Secchi Disk 
Transparency (m) 1.18 1.24 .68 
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Table 53 
Water Quality Data - September 4, 1973 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 20 1 17 1 14 ' 1 27 
pH 7.8o 7·50 8.oo 7·52 7.80 7·50 7.80 7·50 
ALK (rilg CaC03/l) 76.4 84.3 75· 7 79·3 75·5 76.6 74.2 77·9 (meq/1) 1·53 1.69 1. 51 1.59 1. 51 1.53 1.48 1.56 
N02-N (!J.g-at/1) 1.24 .45 1.37 .6o 1.44 .82 1.68 ·77 
N03-N (!J.g-at/1) .68 .80 1.42 ·97 1.42 ·99 2.29 1.14 
NH3-N (!J.g-at/1) 10.00 19.00 15.21 21.00 5·57 17.43 15.00 19.43 
Sol. org. N (!J.g-at/1) 13·79 9.00 17.36 7·57 30.64 9·36 23.21 1·79 
part. org. N (!J.g-at/1) 16.21 2.00 83.86 8.86 41.00 9.21 39-36 10.79 
Total N (!J.g-at/1) 41.92 31.25 ll9.22 39.00 80.07 37.81 81.54 33 ·92 
ortho P (!J.g-at/1) 1·47 2.46 2.47 2.23 1.98 1.93 2.00 1.94 
diss. org. P (!J.g-at/1) 1.00 .25 1.57 . 52 1.91 .18 1.87 ·35 
part. org. P (!J.g-at/1) .89 
·93 2.45 ·78 1.14 .87 1.44 1.04 
Total P (!J.g-at/1) 3.36 3.64 6.49 3 ·53 5·03 2.98 5·31 3·33 
diss. inorg. 
C (!J.g-at/1) 1383 1577 1220 1458 1353 1398 982 1428 
diss. org. 
C (!J.g-at/1) 812 843 854 738 842 798 930 687 
part. C (!J.g-at/1) 1282 1453 2191 1413 1478 1151 1894 1691 
Total C (~g-at/1) 3477 3873 4265 3609 3673 3347 3806 3806 
Chl ~ (!J.g/1) 16.3 4.3 45·5 5.1 38.4 6.4 35· 7 4.9 
Secchi Disk 




Water Quality Data - September 4, 1973 
Station 5 5 6 6 "6 7 
Depth (m) 1 9 1 5 10 0, 
pH 7.66 7·50 7·89 7.56 7·49 7·52 
ALK (mg CaC03/1) 73·5 75·3 75·1 74.8 77·1 76.5 (meqjl) 1.47 1.51 1.50 1.50 1.54 1.53 
N02-N (IJ.g-at/1) 1.75 1.4o 1.44 1.45 1.34 1.11 
N03-N (~-J.g-at/1) 1.01 1.24 1.96 2.27 1.47 1.42 
NH3-N (IJ.g-at/1) 6.oo 12.21 6.43 9·43 10.79 12.79 
Sol. org. N (IJ.g-at/1) 9·57 9·21 13.14 5·57 1.43 8.21 
part. org. N (IJ.g-at/1) 4.43 21·79 58.64 18.57 13.79 19·79 
Total N (IJ.g-at/1) 22.76 45.85 81.61 37.29 28.82 43.32 
ortho P (IJ.g-at/1) 1.54 1.62 1.77 1.37 1.47 1.73 
diss. org. P (IJ.g-at/1) 1.41 .36 1.30 .67 .64 .78 
part. org. P (IJ.g-at/1) .22 • 73 1.65 .31 ·31 ·93 
Total P (IJ.g-at/1) 3·17 2.71 4.72 2.35 2.42 3.44 
diss. inorg. 
C (~-J.g-at/1) 1368 1353 1398 1398 1042 1398 
diss. org. 
C (IJ.g-at/1) 787 538 615 594 382 778 
part. C (IJ.g-at/1) 1454 1783 1596 1617 1825 14oO 
Total C (~-J.g-at/1) 3609 3674 36o9 36o9 3249 3576 
Chl .§.. ( IJ.g/1 ) 6.7 • 15·3 31.8 7.4 3.1 7·5 
Secchi Disk 




Water Quality Data - October 3, 1973 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 20 1 20 1 18 1 24 
pH 7.80 7.80 7·70 7·51 7·70 7.60 7.69 7·57 
ALK (rng CaC03j1) 6o.2 76.6 75·3 77.4 75·3 79.2 73.2 79·4 (meq/1) 1.20 1.53 1·51 1.55 1.51 1.58 1.46 1.59 
N02-N (~--Lg-at/1) 7 .L~o 2.35 6.35 2.30 8.15 2.89. 9~25 5.20 
N03-N (~--Lg-at/1) 2.78 1.89 3.58 2.29 4.37 1.95 3.18 2.88 
NH3-N (~--Lg-at/1) 19·57 11.43 14.57 9·79 13.43 11.43 7·21 16.21 Sol. org. N (~--Lg-at/1) 16.21 13.00 13.00 19·79 18.36 22.79 20-36 16.21 
part. org. N (~--Lg-at/1) 5.00 46.57 40.43 40.43 3 .64. 26.oo 14.86 57·79 
Total N (~--Lg-at/1) 50.96 75.24 77·93 74.6o 47·95 65.06 54.86 98.29 
ortho P (~--Lg-at/1) ·90 1.00 1.18 1.23 1.22 1.47 1.26 1.24 
diss. org. P (~--Lg-at/1) .46 • 66 .44 .47 1.29 
·57 .61 .42 
part. or g. P (~--Lg-at/1) .27 .6o .38 1.04 .16 ·96 .28 3.68 
Total P (~--Lg-at/1) 1.63 2.26 2.00 2.74 2.67 3.00 2.15 5·34 
diss. inorg. 
C (~--Lg-at/1) 1161 1518 1488 1458 1518 1398 1518 
diss. org. 
396 . C (~--Lg-at/1) 320 334 332 362 365 444 
part. C (~--Lg-at/1) 486 382 346 312 318 191 420 
Total C (~--Lg-at/1) 1967 2234 2166 2132 2201 2033 2334 
Ch1 .§. (~--Lg/1) 4.2 3.2 3.6 3·9 4.4 5.6 2.5 11.4 
Secchi Disk 
Transparency (m) 1·37 1.21 1.54 1.34 
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Table 54 (continued) 
Water Quality Data - October 3, 1973 
Station 5 5 6 6 ·6 7 
Depth (m) 1 8 1 5 10 ·o 
pH 7 .&2 7.62 7.62 7 .&2 7·55 7·50 
ALK (mg CaC03/l) 72.1 74·9 68.9 75·3 78.2 75·0 (meq/1) 1.44 1.50 1.38 1.51 1.56 1.50 
N02-N (1-Lg-at/1) 9·45 8.90 9.60 9·65 8.25 8.30 
N03 -N (!-Lg-at/1) 2.98 4.72 3.82 2.28 4.42 
NH3 -N (!-Lg-at/1) 8.57 13 ·57 10.79 9·21 19·79 9·79 
Sol. org. N (!-Lg-at/1) 21.21 30.64 25.21 16.36 11.00 28.00 
part. org. N (!-Lg-at/1) 4.79 13.21 3.43 6.43 34.64 13.00 
Total N (!-Lg-at/1) 69.30 53.75 45.47 75·96 63 ·51 
ortho P (!-Lg-at/1) 1.30 1.24 1.29 1.25 1.20 1.06 
diss. org. P (1-Lg-at/1) .49 1·53 .58 .62 .46 1.24 
part. org. P (~g-at/l) 
·55 .3l ·39 l.05 l.l2 l.4l 
Total P (!-Lg-at/1) 2.34 3.08 2.26 2.92 2.78 3·71 
diss. inorg. 
C (!-Lg-at/1) 1369 1458 1339 1428 1339 
diss. org. 
C (!-Lg-at/1) 390 362 389 362 389 
part. C (!-Lg-at/1) 208 312 372 277 772 
Total C (!-Lg-at/1) 1967 2132 2100 2067 2500 
Chl .§. (1-Lg/1) 3·9 3.4 3-0 1.7 4.2 2.5 
Secchi Disk 
Transparency (m) 1.47 1.19 .30 
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Table 55 
Water Quality Data - November 2, 1973 
Station l l 2 2 3 3 4 4 
Depth (m) l 17 l 18 l 17 1 24 
pH 7·87 7·79 7.80 7.80 7.80 7.80 7.82 7.8o 
ALK (mg CaC03jl) 81.3 90.6 8o.8 91.5 78.1 91·5 77·6 91·9 (meq/1) 1•63 1.81 1.62 1.83 1.56 1.83 1-55 1.84 
N02-N (fl.g-at/1) 1.68 .61 1.79 .6o 2.15 ·55 2.29 .61 
N03-N (fl.g-at/1) 6.29 1.33 4.o4 1.20 4.62 1.05 5.48 1-37 
NH3-N (fl.g-at/1) 18.43 16.21 16.oo 20.21 20.57 20.79 18.21 17·79 
Sol. org. N (fl.g-at/1) 12.79 15.00 19.43 8.36 7.86 5·79 7·57 7·43 
part. org. N (fl.g-at/1) 12.00 20.36 7.14 21.21 18.36 22.86 24.64 28.57 
Total N (fl.g-at/1) 51.19 53.51 48.40 51·58 53·56 51.04 58.19 55·77 
ortho P (fl.g-at/1) 1.10 1.33 1.12 1.17 1.18 1.18 1.18 1.39 
diss. org. P (fl.g-at/1) ·50 -79 .40 ·39 .30 .44 .28 .29 
part. org. P (fl.g-at/1) .22 1.28 .46 .4o .48 .66 .42 1.16 
Total P (fl.g-at/1) 1.82 3.40 1.98 1.96 1.96 2.28 1.88 2.84 
dis s. inorg. 
C (fl.g-at/1) 1021 1167 1021 1146 1042 1167 1042 1167 
diss. org. 
C (fl.g-at/1) 967 973 967 1002 946 1012 946 948 
part. C (fl.g-at/1) 231 256 200 144 200 182 200 281 
Total C (fl.g-at/1) 2219 2396 2188 2292 2188 2361 2188 2396 
Chl §.. ( fl.g/1 ) 1.6 5·9 2.2 2.2 2.7 2.4 2.9 4.7 
Secchi Disk 
Transparency (m) l. 55 1.55 1.43 1.04 
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Table 55 (continued) 
Water Quality Data - November 2, 1973 
Station 5 5 6 6 ·6 7 
Depth (m) 1 8 1 4.5 9 ·5 
pH 7.80 7.80 7.80 7.82 7-81 7-73 
ALK (mg CaC03j1) 78.4 87-3 78.2 83.2 88.4 8o.4 (meg./1) 1-57 1-75 1-56 1.66 1.77 1.61 
N02-N (f.l.g-at/1) 2.22 
-94 2.16 1-52 ·95 1.88 
N03-N (f.l.g-at/1) 4-35 1.87 4.76 2-93 1.93 4.69 
NH3 -N (f.l.g-at/1) 21.43 21-79 18.21 15.21 21.57 19-00 
Sol. org. N (f.l.g-at/1) 7-57 5-43 5-57 16.79 15-43 22.21 
part. org. N (f.l.g-at/1) 14-72 12-21 2J:.OO 7-43 16.oo 1.72 
Total N (f.l.g-at/1) 50-36 49.24 57-70 43.88 55-88 49-57 
ortho P (f.l.g-at/1) 1.20 1-13 1.14 1.04 1.23 .88 
diss. org. P (f.l.g-at/1) .48 
-39 .24 .42 .45 .48 
part. org. P (~g-at/1) .18 ·56 .44 .14 1.66 l.08 
Total P (f.l.g-at/1) 1.86 2.08 1.82 1.60 3-34 2.44 
diss. inorg. 
C (f.l.g-at/1) 1000 1125 1021 1062 1146 1063 
diss. org. 
C (~g-at/1) 795 926 902 957 938 861 
part. C (f.l.g-at/1) 358 310 264 168 242 264 
Total C (f.l.g-at/1) 2153 2361 2187 2187 2326 2188 
Chl .§. (flg/1) 2.5 2.8 2.1 1-7 4.8 1.6 
Secchi Disk 
Transparency (m) loll 1-23 ·55 
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Table 56 
Water Quality Data - December 37 1973 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 21 1 17 1 14 1 18 
pH 7-87 7.88 7.80 7·80 7·73 7·78 7·89 7·79 
ALK (rng CaC03j1) 82.8 82.4 82.4 84.0 81.3 85.2 82.1 84.8 
(meq/1) 1.66 1.65 1.65 1.68 1.63 1.70 1.64 1.70 
N02-N (f-l.g-at/1) 1.17 .64 1.22 .85 1.23 
-98 1.25 1-09 
N03-N (f-l.g-at/1) 6.09 2-73 4.66 4.46 5· 65 3·57 5· 53 4.46 
NH3-N (f-l.g-at/1) 5-43 2.50 5·50 4.50 5·57 5·57 5.21 6.36 
Sol. org. N (f-l.g-at/1) 10.14 11.07 16.71 21.07 20.86 19.64 20.57 24.21 
part. org. N (f-l.g-at/1) 16.64 24.00 5·57 B.oo 4.79 13.36 18.21 6.21 
Total N (f-l.g-at/1) 39.47 4o.94 33.66 38.88 38.10 43.12 50·77 42.33 
ortho P (f-l.g-at/1) .67 .36 ·73 ·51 .76 .64 ·78 ·75 
diss. org. P (f-l.g-at/1) .49 .42 ·77 .47 .32 .56 .38 .25 
part. org. P (f-l.g-at/1) .40 ·58 .o6 ·58 ·52 .44 .46 ·92 
Total P (f-l.g-at/1) 1.56 1.36 1.56 1.56 1.60 1.64 1.62 1.92 
diss. inorg. 
C (f-l.g-at/1) 1062 1083 1104 1125 1104 1125 1083 1104 
diss. org. 
C (f-l.g-at/1) 957 904 915 862 851 830 936 883 
part. C (f-l.g-at/1) 168 200 168 200 232 302 133 231 
Total C (f-l.g-at/1) 2187 2187 2187 2187 218'7 2257 2152 2218 
Chl ~ (f-l.g/1) 3·5 5·0 1.8 3.8 1.8 4.6 2.2 3.2 
Secchi Disk 
Transparency (m) 2.32 2.24 1.92 1.81 
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Table 56 (continued) 
Water Quality Data - December 3, 1973 
Station 5 5 6 6 ,6 7 
Depth (m) 1 8 1 5 10 ·5 
pH 7.80 7·79 7-88 7-71 7-71 7-83 
ALK (mg CaC03j1) 81-7 84.3 82.4 83-3 84.0 85.4 (meq/1) 1.63 1.69 1.65 1.67 1.68 1.71 
N02-N (IJ.g-at/1) 1-23 1-23 1.21 1.20 1.18 1.25 
N03-N (IJ.g-at/1) 5·36 4.94 5·67 5·15 4.32 5.01 
NH3 -N (IJ.g-at/1) 6.oo 10.29 5·71 5.86 6.36 5.86 
Sol. org. N (IJ.g-at/1) 23.00 22-50 21.71 23.57 30.86 24.57 
part. org. N (IJ.g-at/1) 6.oo 12-79 13.36 2.14 1.00 6.79 
Total N (IJ.g-at/1) 41.59 51.75 47.66 37-92 43.72 43.48 
ortho P (IJ.g-at/1) .so .85 .76 
-71 . 76 .70 
diss. org. P (IJ.g-at/1) 
-56 ·55 -74 ·57 -56 -54 
part. org. P (~J.g-at/l) .l2 
·94 .o6 .28 ·52 .62 
Total P (IJ.g-at/l) 1.48 2.34 1.56 1.56 1.84 1.86 
diss. inorg. 
C (IJ.g-at/1) 1083 1104 1083 1083 1125 1125 
diss. org. 
C (IJ.g-at/1) 872 851 872 904 798 894 
part. C (IJ.g-at/1) 232 302 263 165 333 168 
Total C (IJ.g-at/1) 2187 2257 2218 2152 2256 2187 
Chl ~ (IJ.g/1) 1.65 3.84 2-03 2.49 3-33 2.45 
Secchi Disk 




Water Quality Data - January 15, 1974 
Station 1 l 2 2 3 . 3 4 4 
De·pth (m) l 20 l 20 1 12 1 20 
pH 7 ·90 . 7·90 7e90 7·90 7·90 7·90 7·90 7 ·90 
ALK (mg caco3;1) 64.6 73·4 64.2 68.0 64.2 67.6 59·2 68.3 (meq/1) 1.29 1.47 1.28 1.36 1.28 1.35 1.18 1.37 
N02-N (fJ.g-at/1) .42 .38 .41 ·33 .41 ·35 .43 ·37 
N03-N (fJ.g-at/1) 4.46 5.24 4.45 3·77 4.63 3.51 6.11 3·76 
NH3 -N (fJ.g-at/1) 1.43 2.14 1.43 1.43 1.43 1.43 1.43 2.14 
Sol. org. N (fJ.g-at/1) 28.57 15.00 26.43 21.43 24.29 32.14 27.86 32.86 
part. org. N (fJ.g-at/1) 1.43 30.71 2.86 10.00 4.22 3·57 16.43 6.43 
Total N (fJ.g-at/1) 36.31 53.47 35.58 36.96 35.05 ln.oo 52.26 45.56 
ortho P (fJ.g-at/1) .38 .61 .47 ·37 ·51 .40 ·55 .48 
diss. org. P (fJ.g-at/1) 
·55 .45 .60 .49 ·35 .52 .45 ·55 
part. org. P (fJ.g-at/1) ·78 .47 .09 .19 .41 ·33 .46 .20 
Total P (fJ.g-at/1) 1.71 1.53 1.16 ' 1-05 1.27 1.25 1.46 1.23 
diss. inorg. 
C (fJ.g-at/1) 1178 1351 1236 1236 1178 1264 1121 1264 
diss. or g. 
c (fJ.g-at/1) 369 405 342 431 399 342 338 342 
part. c (fJ.g-at/1) 445 599 451 434 488 458 498 567 
Total C (fJ.g-at/1) 1992 2355 2029 2101 2065 2064 1957 2173 
Chl ~ (fJ.g/1) 3.00 ll-90 3·71 4.77 3.80 4.6o 4.05 4-35 
Secchi Disk 
Transparency (m) 1.32 1.33 1.10 1.02 
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Table 57 (continued) 
Water Quality Data - January 15, 1974 
Station 5 5 6 6 6 7 
De·pth (m) l 10 l 5 10 ·5 
pH 7·90 7·90 7·90 7·90 7·90 7·90 
ALK (mg CaC03jl) 59·3 66.9 60.5 63 ·7 65·5 63.2 (megjl) 1.19 1.34 1.21 1.27 1.31 1.26 
N02-N (IJ.g-at/1) .42 ·39 .42 .40 .38 .41 
N03-N (IJ.g-at/1) 6.26 4.46 6.40 4.98 4.28 4.91 
NH3 -N (IJ.g-at/1) 2.14 2.14 2.14 1.43 1.43 2.14 
Sol. org. N (IJ.g-at/1) 29.29 32.14 34.29 33·57 35.00 36.43 
part. org. N (IJ.g-at/1) 1.43 5·71 4.29 2.14 13 ·57 ·71 
Total N (IJ.g-at/1) 39·54 44.84 47.54 42.52 54.66 44.6o 
ortho P (IJ.g-at/1) .58 ·52 ·52 .45 .44 .45 
diss. org. P (IJ.g-at/1) .49 .40 ·57 .47 ·58 .45 
part. org. P (~J.g-at/1) .43 ·78 ·37 .27 .25 .22 
Total P (IJ.g-at/1) 1.50 1.70 1.46 1.19 1.27 1.12 
diss. inorg. 
C (IJ.g-at/1) 1121 1236 1121 1149 1149 1121 
diss. org. 
C (IJ.g-at/1) 397 401 635 458 398 516 
part. C (IJ.g-at/1) 620 537 237 422 553 537 
Total C (IJ.g-at/1) 2138 2174 1993 2029 2100 2174 
Chl ~ (IJ.g/1) 4.09 5·15 4.14 2.83 4.77 3 ·97 
Secchi Disk 
Trans·parency (m) .88 1.03 1.10 
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Table 58 
Water Quality Data - February 12, 1974 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 20 1 18 l 16 l 26 
pH 7·91 7·95 7·90 7·90 7·90 7·90 7·90 7·90 
ALK (mg CaC03jl) 63 ·7 81.4 62.7 76.4 61.6 81.4 60.1 80.2 (meq/1) 1.27 1.63 1.25 1.53 1.23 1.63 1.20 1.60 
N02-N (IJ.g-at/1) ·55 ·51 ·52 ·53 ·53 ·51 ·53 0 53 
N03-N (IJ.g-at/1) 8.13 7 ·35 7·72 7·91 8.03 7·91 8.05 8.57 
NH3 -N (~-tg-at/1) 3·57 4.29 ·71 4.29 1.43 4.29 ·71 4.29 
Sol. org. N (IJ.g-at/1) 42.14 35.00 35· 71 52.14 31.43 30.00 32.14 29.29 
Part. org. N (IJ.g-at/1) 3·57 5.00 20.00 :z.l4 16.43 8o.oo 102.86 129.22 
Total N (IJ.g-at/1) 57·96 52.15 64.66 72.01 57·85 122.71 144.29 171·97 
ortho P (IJ.g-at/1) .41 ·54 .50 ·50 .64 ·59 .68 ·55 
diss. org. P (IJ.g-at/1) ·53 .61 .40 ·55 .88 ·37 .49 ·37 
part. org. P (1-Lg-at/l) .21 ·73 .85 .85 .26 1.90 1.56 1.83 
Total P (~-tg-at/1) 1.15 1.88 1.75 1.90 1.78 2.86 2·73 2·75 
diss. inorg. 
C (IJ.g-at/1) 1437 1437 1121 1293 1092 1437 1063 1580 
diss. org. 
C (IJ.g-at/1) 170 349 486 492 456 349 454 146 
part. C (IJ.g-at/1) 252 329 252 202 279 426 373 486 
Total C (IJ.g-at/1) 1859 2115 1859 1987 1827 2212 1890 2212 
Chl ~ (IJ.g/1) 3.63 6.58 4.35 5.61 2.57 13.00 9.88 11.39 
Secchi Disk 
Transparency (m) l.3l 1.25 .85 .80 
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Table 58 ( cont.inued) 
Water Quality Data - February 12, 1974 
Station 5 5 6 6 6 7 
Depth (m) 1 8 1 5 10 l. 
·pH 7·90 7·90 7·90 7·90 7·90 8.00 
.ALK (mg CaC03j1) 62.7 67.4 62.2 62.4 70.2 64.1 
(meq/1) 1.25 1.35 1.24 1.25 1.40 1.28 
N02-N (f.l.g-at/1) ·54 .66 ·54 ·55 .60 ·57 
N03-N (f.l.g-at/1) 7·56 15·74 8.82 8.79 9.00 6.61 
NH3 -N (f.l.g-at/1) ·71 2.14 1.43 ·71 2.86 1.43 
Sol. org. N (f.l.g-at/1) 34.29 4o.oo 44.29 34.29 33·57 40.71 
part. org. N (f.l.g-at/1) 20.00 63 ·57 16.43 18.57 17.86 12.22 
Total N (f.l.g-at/1) 63.10 122.11 71.51 62.91 63.89 68.61 
ortho P (f.l.g-at/1) .68 
·77 ·59 .45 .45 .64 
diss. org. P (f.l.g-at/1) .45 1.21 .56 .45 .47 .36 
part. org. P (f.l.g-at/1) 
·55 7·96 .31 .62 .82 ·52 
Total P · (f.l.g-at/1) 1.68 9·94 1.46 1.52 1.74 1.52 
diss. inorg. 
C (f.l.g-at/1) 1264 1178 1092 1121 1236 1121 
diss. org. 
C (f.l.g-at/1) 224 399 397 338 371 368 
·part. C (f.l.g-at/1) 371 538 338 337 348 435 
Total C (f.l.g-at/1) 1859 2115 1827 1796 1955 1924 
Chl ~ (f.l.g/1) 8.61 25.32 6.71 4.26 6.12 3·76 
Secchi Disk 




Water Quality Data - March 15, 1974 
Station l l 2 2 3 3 4 4 
Depth (m) l 20 l 24 l 16 l 22 
pH 8.09 7·74 8.02 7.80 8.04 7·78 8.10 7.82 
ALK(mg CaC03j1) 64.2 78.8 63.3 79·1 62.8 76.2 63.4 73.6 
(meq/1) 1.28 1.58 1.27 1.58 1.26 l-52 1.27 1.47 
N02-N (f.l.g-at/1) .19 -50 .15 .46 .17 .47 .20 .4o 
N03 -N (f.l.g-at/1) 2.86 8.02 1.17 6.36 1.09 5-55 1.42 4.86 NH1-N (f.l.g-at/1) 3·57 10.00 1.43 5.00 1.43 4.29 ·71 3·57 so • org. N (f.l.g-at/1) 18.64 22.57 21.14 25.43 25.36 22.29 22.86 26.86 
part. org. N (f.l.g-at/1) 2.00 .86 9-43 2.36 11.43 7.00 6.86 8.79 
Total N (f.l.g-at/1) 27.26 41.95 33.32 39.61 39.48 39.60 32.05 44.48 
ortho P (f.l.g-at/1) .12 .52 .43 .46 . 50 ·50 .31 .48 
diss. org. P (f.l.g-at/1) .40 .34 .14 .14 .36 .36 ·35 .38 
part. org. P (f.l.g-at/1) .32 
-74 .88 ·59 .86 ·93 ·37 ·73 
Total P (f.l.g-at/1) .84 1.60 1.45 1.19 1.72 1.79 1.03 1.59 
diss. inorg. 
c (f.l.g-at/1) 85~- 1073 854 1083 875 1042 854 1021 
diss. org. 
C (f.l.g-at/1) 941 1010 1005 968 952 978 1037 998 
·part. C (f.l.g-at/1) 96 l6o 96 97 128 128 32 64 
Total C (f.l.g-at/1) 1891 2243 1955 2148 1955 2148 1923 2083 
Chl §. (f.l.g/1) 1.9~- 10.21 9·03 10.63 12.91 11.65 6.63 9.28 
Secchi Disk 
Transparency (m) .96 ·91 .81 ·95 
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Table 59 (continued) 
Water Quality Data - March 15, 1974 
Station 5 5 6 6 ·6 7 
Depth (m) 1 9 1 5 10 ·5 
' 
pH 8.00 7-94 8.21 8.04 7-99 8.08 
ALK (mg CaC~/1) 64.2 70-7 61.3 64.8 69·5 63-9 (meq/1) 1.28 1.41 1.23 1.30 1.39 1.29 
N02-N (~-J.g-at/1) -17 ·34 .19 .25 .29 .20 
N03-N (~-J.g-at/1) 1.81 4.14 l.ll 1.58 3 ·39 1.28 
NH3 -N (~-J.g-at/1) 1.43 2.86 ·71 1.43 2.86 1.43 
Sol. org. N (~-J.g-at/1) 24.36 22.93 21-71 21.00 27.57 18.79 
part. org. N (~-J.g-at/1) 6-72 27.00 13.36 9-14 4.14 7-00 
Total N (~-J.g-at/1) 34.56 57·27 37-08 33-40 38.25 28.70 
ortho P (~-J.g-at/1) 
-39 -70 -23 -19 .43 ·50 
diss. org. P (~-J.g-at/1) 
-34 .47 -97 -72 .23 .18 
part. org. P (~-J.g-at/1) 1.14 3-30 -09 .22 1.55 .49 
Total P (~-J.g-at/1) 1.87 4.47 1.29 1.13 2.21 1.17 
diss. inorg. 
C (~-J.g-at/1) 875 958 844 865 958 854 
diss. org. 
C (~-J.g-at/1) 920 932 887 930 932 908 
·part. C (~-J.g-at/1) 256 192 96 96 64 192 
Total C (~-J.g-at/1) 2051 2082 1827 1891 1954 1954 
Chl ~ (~-J.g/1) 9.28 12.58 3-08 4.60 5.78 6.16 
Secchi Disk 
Transparency (m) .89 .84 
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Table 60 
Water Quality Data - April 11, 1974 
Station l l 2 2 3 3 4 4 
Depth (m) l 19 l 18 l 18 l 18 
' 
pH 7-70 7-90 7-70 7.88 r{ 0 70 7-80 7.68 7-74 
ALK (mg Caco3jl) 61.6 69.4 61.9 69.8 59·9 67·9 58.6 64.9 (meq/l) 1.23 1.39 1.24 1.40 1.20 1.36 l-17 1.30 
N02-N (!J.g-at/1) .51 ·39 .51 .38 ·53 .36 ·57 .44 
N03 -N (!J.g-at/1) 3-54 6.88 4.02 5-74 3 ·93 4.96 4-34 4.oo NHI-N (!J.g-at/1) 5-71 2.14 5-71 2.86 5.00 2.86 6.43 8.57 
So . org. N (!J.g-at/1) 12.86 16.43 13 ·57 16.43 11.~.29 12.86 17.14 10.00 
part. org. N (!J.g-at/1) 1-14 15-00 11.43 12.14 10.00 11.86 2·22 11.86 
Total N (!J.g-at/1) 29.76 4o.84 35.24 37.55 33·75 38-90 37-77 40.87 
ortho P (!J.g-at/1) .48 
-33 ·57 .41 ·59 ·33 .61 .46 
diss. org. P (!J.g-at/1) .24 .23 -30 .18 .26 .24 
-35 .23 
part. org. P (!J.g-at/1) .24 -~8 ·52 .88 -~5 -56 ·52 1.50 Total P (!J.g-at/1) .96 1.14 L46 1.47 l. 0 1.13 1.55 2.19 
diss. inorg. 
C (!J.g-at/1) 809 976 928 1000 833 952 833 928 
diss. org. 
C (!J.g-at/1) 556 439 386 390 456 387 481 512 
part. C (!J.g-at/1) l~u 102 101 76 76 152 16 152 Total C (!J.g-at/1) 1517 1415 1466 1365 1491 1390 1592 
Chl ~ (!J.g/1) 2.49 8.52 6.71 8.06 9.28 6.71 8.02 9-71 
Secchi Disk 
Trans·parency (m) 1.04 
-98 .82 .68 
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Table 60 (continued) 
Water Quality Data - April 11, 1974 
Station 5 5 6 6 6 7 
Depth (m) 1 8 1 5 10 0 
pH 7·70 7·74 7·70 7·70 7·70 7.80 
ALK (rng CaC03/l) 55·7 67.1 58.0 61.8 66.4 6o.4 (meq/1) l.ll 1.34 1.16 1.24 1.33 1.21 
N02-N (f.!.g-at/1) .62 .41 ·57 ·50 .44 ·53 
N03 -N (f.!.g-at/1) 5·07 3.65 4.65 3·95 3·93 4.19 
NH3-N (f.!.g-at/1) 5·71 5·71 5· 71 5·71 6.43 5·71 
Sol. org. N (f.!.g-at/1) 11.43 11.43 12.86 10.71 13·57 16.43 
part. org. N (f.!.g-at/1) 14.22 11.43 12.14 11.43 10.00 8.5I 
Total N (f.!.g-at/1) 37.12 32.63 35·93 32.30 34.37 35.43 
ortho P (f.!.g-at/1) ·53 .41 ·55 ·57 .48 ·53 
diss. org. P (f.!.g-at/1) .23 .22 .24 .18 .18 .19 
part. org. P (f.!.g-at/l) 
·28 ·I2 ·50 ·2l .62 ·26 
Total P (f.!.g-at/1) 1.34 1.38 1.29 1.26 1.28 1.28 
diss. inorg. 
C (f.!.g-at/1) 809 952 809 786 952 881 
diss. org. 
C (f.!.g-at/1) 429 412 429 503 438 4o8 
part. C (f.!.g-at/1) 76 50 76 50 51 25 
Total C (f.!.g-at/1) 1314 1414 1314 1339 1441 1314 
Chl §. (f.!.g/1) 4.77 5·70 4.90 4.39 3.29 3.84 
Secchi Disk 
Transparency (m) 
-76 .80 ·73 
Table 61 
Water Quality Data - Average Values 1972 
Apr. 6 May 5 Jun. 15 Jul. 7 Aug. 15 Sep. 14 Oct. 17 Nov.17 Dec. 14 
pH s 8.28 8.25 7. 76 7.6o 8.11 7.80 8.o4 7.82 7.80 
B 7·96 8.05 7·98 7.40 7. 74' 7.82 7·90 7·87 7.86 
AJLK s 1.36 1.22 1.35 1.06 1.33 1.47 1.49 1.44 1.33 (meq_/1) B 1.70 1.63 1.49 1·39 1.45 1.62 1.82 1.61 1.51 
N02-N s .28 .17 .67 ·54 . 51 6.38 1.50 .50 .45 (fJ.g-at/1) B .43 .38 .50 .48 .63 
·77 2.08 ·57 .64 
No3-N s .38 1.07 1.84 2.76 1.94 3.42 4.63 4.84 6.90 (fJ.g-at/1) B 2.00 5.02 .74 1.92 2.75 1.84 2.99 2.26 4.70 
NHrN s 15.70 10.72 27.88 3.00 
·75 1.44 (fJ.g-at/1) B 18.72 19.62 28.55 12.00 2.50 2.48 
36.42 30.88 20.40 ........ diss. org. N s 21.00 15.50 .J:'-
........ (fJ.g-at/1) B 37.18 36.42 25.50 20.71 12.22 
part. org. N s 10.36 6.61 3.40 21.78 15.00 4.87 6.10 
(fJ.g-at/1) B 19.45 8.58 3 ·93 11.96 16.50 5.88 6.99 
Total N s 27.26 30.88 25.01 65.81 45.14 31.36 30.39 (fJ.g-at/1) B 39·90 41.08 23.54 71.39 59.05 31.91 27.03 
ortho P s .38 .26 .61 .64 .87 1 17 
-77 . 62 ·39 ~·..L..I (fJ.g-at/1) B .61 • 40 .83 1.17 1.01 1.48 1.44 .58 .46 
diss. org. P s .13 .58 .44 .66 
-31 .58 .62 (fJ.g-at/1) B .15 .44 .10 
·73 ·30 .54 .56 
part. org. P s .31 .50 .48 . .45 .17 .32 
(fJ.g-at/1) B .44 1.13 5.16 .65 .43 • 50 
Table 61 (continued) 
Apr. 6 May 5 Jun. 15 Jul. 7 Aug. 15 Sep. 14 Oct. 17 Nov.l7 Dec. 14 
Total P s ·70 1.69 2.31 l-53 1.36 1.34 
(lJ.g-at/1) B ·99 2.4o 7.36 2.38 1.54 1.52 
diss. inorg. C s 676 844 1040 1259 1124 
(lJ.g-at/1) B 896 948 1146 1499 1240 
diss. org. C s 708 739 625 354 781 
(lJ.g-at/1) B 708 750 594 364 781 
part. C s ll4 135 107 
(fJ.g-at/1) B 104 461 146 
Total C s 1499 1800 1720 
(l!g-at/1) B 1708 2200 2010 
Cbl. a s 12.4 7.2 5·6 6.7 36.0 1.8 3.6 6.5 3.8 1-' 
(fJ.g/1) B 27.0 10.3 14.0 5·3 5·7 2.1 5·5 7·7 5.0 .p. N 
.... 
Table 62 
Water Quality Data - Average Values 1973 
(Stations 1-4) 
Jan, Feb, Mar. Apr. May Jun. July Aug. Sep. Oct. Nov. Dec. 
pH s 7.73 7.81 7.95 7,54 7.76 7.74 7.64 7.85 7. 72 7.82. 7.82 
B 7.82 7.84 7.80 7.64 7.75 7.31 7.54 7.50 7.62 7.80 7.81 
.(Uk s 1.27 1.02 1.22 1.32 1.27 1.33 1.38 1.53 1. 51 1.42 1. 59 1.65 
(meq/1) B 1.66 1.45 1,58 1,40 1.38 1.41 1.40 1.60 1,59 1.56 1.83 1.68 
NOz-N s ,46 • 25 .25 .28 .07 • 52 .08 .75 1.43 7.79 1. 98 1. 22 
(pg-at/1) B .56 .30 .29 .29 .09 .39 .15 .66 .66 3.18 .59 .89 
N03-N s 11,2 11.2 6.69 4.55 .77 2,32 ,97 .66 1.45 3.48 5.11 5.48 
(pg-at/1) B 9.99 8.54 8.38 4.60 1.27 1.71 .81 .96 .98 2.25 1.24 3.81 
Nti3-N s 0 7.5 5.5 0 10.5 3.6 11.4 13.7 18.3 5.43 
()-lg-at/1) B 0 10.0 3.0 0 14.5 13.8 19.2 12.2 18.8 4.73 
diss. org .. N s 17.5 11.0 11.0 11.2 8,37 13.0 11.2 11.4 21.2 17.0 11.9 17.07 ..... 
(pg-at/1) B 19.0 11.5 10.0 12.9 11.20 10.9 8.8 2.4 6.9 17.9 9.2 19.00 +-w 
part, org. N s 12.0 12.0 19.0 23.5 22.8 8.04 11.1 17.2 45.1 16.0 15.5 11.3 
(pg-at/l) B 16.5 20.5 16,0 10.0 23.8 8.75 12.0 20.4 7o7 42.7 23.2 12.9 
Total N s 41.2 42.0 42,4 39,5 34.1 34,4 24.6 33.6 80.7 57.9 52.8 40.5 
(pg-at/1) B 46.1 50.8 37,7 27,8 39.8 36.2 24.4 38.3 35.5 78.3 53.0 41.3 
ortho P s .32 ,35 .36 ,60 .48 ,57 .78 • 96 1. 98 1.14 1.15 .74 
(ug-at/1) B .36 ,40 .45 .34 .60 .96 .74 1.18 2.14 1.24 1. 27 .57 
diss. ocg, p s .42 ,51 ,61 2,14 .88 .83 1.60 .96 1.59 .70 .37 .49 
\ug-at/1) B .39 .41 .82 1.76 .80 .86 .91 .93 .32 .53 .48 .43 
part. org, P s .37 ,89 ,66 1.02 .80 .62 .69 1.17 L48 .27 .40 .36 
(}ig-at/1) B ,78 1.21 ,64 .70 1.45 1.34 2.28 2.84 .90 1.57 .88 .63 
Total P s 1.11 1.74 1.63 3.76 2,16 2.02 3.08 3.09 5.05 2.11 1. 91 1. 59 
(pg-at/1) B 1,52 2.02 1.90 2,80 2.85 3.16 3.93 4.95 3.37 3.34 2.62 1.62 
Table 62 (cont'd) 
Jan. Feb, Mar. Apr. May Jnn. July Aug, Sep, Oct, Nov, Dec.,, 
diss. inorg. c s 938 896 854 1010 1002 764 832 1423 1234 1339 1032 1088 
(ug-at/1) B 1135 1156 1010 1010 1023 798 890 1411 1465 1518 1162 1109 
diss. org,C s 782 573 781 802 940 1033 1076 1096 860 375 956 915 
(u~-at/1) B 885 636 896 860 996 1047 986 899 766 365 984 870 
part. C s 167 114 173 202 277 257 1313 1711 330 208 175 
(pg-at/1) B 292 156 146 264 385 276 1569 1427 373 216 233 
Total C s 1771 1636 1750 1985 2144 2074 2L66 3832 2044 2196 2178 
(pg-at/1) B 2136 2084 2062 2017 2283 2230 2152 3879 2256 2361 2212 
Ch1a s 6.1 11.2 6.3 3.2 6,4 4,6 12.2 9.3 34.0 3.7 2.4 2.3 




Table 63 Water Quality Data - Average Values 1974 (Stations 1-4) 
Jan. Feb. Mar. Apr. 
pH s 7-90 7-90 8.o6 7-70 
B 7.90 7·91 7·79 7-83 
ALK s 1.26 1.24 1.27 1.21 
(meg_/1) B 1.39 1.6o 1.54 1.36 
N02-N s .42 ·53 .18 ·53 
(!J.g-at/1) B .36 -52 .46 -39 
N03-N s 4.91 7-98 1.64 3-96 
(!J.g-at/1) B 4.07 7·94 6.20 5-40 
NH3-N s 1.43 1.61 1.79 5· 71 
(!J.g-at/1) B 1.']9 4.29 5-72 4.11 
diss. org. N s 26.79 35·36 22.00 14.47 
(iJ.g-at/1) B 25.36 36. 6J.. 24.29 13 ·93 
part. org. N s 6.25 35·72 7.43 9·47 
(!J.g-at/1) B 12.68 55·36 4.75 15.72 
Total N s 39.80 81.19 33.03 34.13 
(!J.g-at/1) B 44.25 104.71 41.41 39·54 
ortho P s .48 • 56 .34 ·56 
(!J.g-at/1) B .47 ·55 .49 .38 
diss. org P s .49 . 58 .31 .29 
(iJ.g-at/1) B ·50 .48 .31 .22 
part. org. P s .44 ·72 .6l .54 (iJ.g-at/1) B .30 1.33 ·75 .88 
Total P s 1.40 1.85 1.26 1.39 
, (!J.g-at/1) B 1.27 2.35 1.54 1.48 
diss. inorg. C s 1178 1178 859 851 
(iJ.g-at/1) B 1279 1437 1055 964 
diss. org. C s 362 391 984 470 
(!J.g-at/1) B 380 334 989 432 
part. C s 470 289 88 108 
(!J.g-at/1) B 514 361 112 120 
Total C s 2011 1859 1931 1428 
(!J.g-at/1) B 2173 2132 2156 1512 
Chl a s 3.6 5·1 7·6 6.6 
(iJ.g71) B 6.4 9·2 10.4 8.2 
Parameter Apro 6 




N02-N - 7,09 1;,~ 
N03-N - 3, 79 >\ 
NH3~N 
di.ss. org, N 
part. org. N - 2,98 
Total N -10.2 .... , ... >: 
ortho P -11.43 ";'!;;'< 
diss. org, p 
part org, p 
Total p 
Table 64 Water Quality Data - 1972 
Paired t-Tests for Significant Differences between Surface and Bottom Values 
May 5 Jun. 15 
9. 80 *'~ 
-
9.24 ,~,~ 
-10.92 '''* - 3, 49 ,~,\ 
-19.32 >\i< 2.98 
-10,80 *'~ 4.22 
-
,866 



























- 3. 70 1< 
- 1.89 
- 1.93 















- 4.17 * 
- 3. 56 1< 
Oct, 17 
3. 67 '~ 
-15.85 -1<* 








- 6.24 *1' 
- 5.41 -1< 















·~< Diffen nee significant at a = ,0) 






4.23 ,., ,947 
Negath · sign indicates bottom values higher than surface values 
- 2.85 - 1. 79 
- 2.32 -17.76 ,~,~ 
2,46 - ,496 - 2.60 
Nov. 17 Dec·, 14 
- 2.98 - 3.92 >\ 
- 6.17 -Jd( - 3.28 >\ 
.84 - 1.65 
5.34 i< 2.96 
- 4.03 >\ 








.821 - 1. 27 
..... 




- 1.27 - 1.00 
5. 92 i<-1< 
.02 
- 4.49 i< - 6.13 M< 
Table 65 Water Quality Data - 1973 Sta. 1-4 
Paired t-Tests for Significant Differences between Surface and Bottom Values 
Parameter Jan. 12 Feb, 12 Mar. 13 Apr. 9 May 8 Jun. 6 Jul. 6 Aug, 3 Sep, 4 Oct. 3 Nov. 2 Dec. 3 
pH 
- 8.49 '~* - 1.21 2,26 - 1.49 .30 7.20 ** 2.92 7.67 ~'* 2.61 1.32 .31 
A1k 
-
6,40 "1c')'< -12.9 '~* - 5.20 ,., - 3.70 ,~ - 4.94 ,~ - 4.11 ,~ - 1.51 - 2.71 - 2.96 - 2.18 - 9.27 ** - 2.09 
No2-N 5.68 ;'< 6,35 ic,~ 4.59 ~' ,540 4.50 ,., 5,11 i< -16.69 ** .998 8,59 -id< 7.49 ~'*· 14.01 *'~ 3.27 ~' I t 
N03-N 2,04 2.16 - 5,08 - .548 - 8,80 ,~,~ 5.66 .839 - 2.41 1,79 2.99 19,18 id< 2.31 
NH3-N - 1.46 5,00 '~ - 1.57 - 4.99 "' - 4,66 * .40 .33 - 1. 73 
diss. org. N ,44 .21 .38 .43 
-
1. 70 .75 LOS 3,68 ~' 3,42 '~ .35 ,95 - 1. 50 
part. org, N 
-
1.94 - 2.66 ,858 1.25 - .747 - 1.30 .630 - .150. 7.75-ld< - 2,79 - 2,32 - .382 
Total N - 1, 75 - 1.89 .959 2,40 - 3.24 * - .768 .257 - .413 4,40 * - 2.34 - .146 - .407 
cirtho P 8,17 .:;...,·~ .971 1.54 4.41 2,37 5.18 "' .367 1.71 .622 1,83 2,17 2.36 
d1.ss. org. p L32 2.78 - ,953 - 1.24 .588 - 1.26 1.92 .481 6,05 ";'<* • 740 - l. 75 • 527 
part, org. p 
-
1,65 - 1.80 .725 1.33 - 2.58 ,690 - 3.13 - 3.49 ,~ 1.67 - 3.81 * - 1.78 - 1.51 
Total p - 1.74 - 1.34 - .818 4.91 "' - 2.38 - 2.93 - 1.78 - 2.65 2.43 - 2.44 - 2.10 - .226 
,_. 
diss. inorg. c 3.89 .. -11.24 ;,~ 2.30 ,139 1.13 l. 55 1.50 .211 2.50 1,86 -23.6 -/de 67,6 -.'n'< ~ _, 
diss. or g. c - 2,59 . 59 - 2,48 ,97 - 2,68 ,50 1.94 1.64 1,59 ,54 - 1.83 5,63 ,., 
part, c - l. 79 - 1.17 ,042 - 2. 77 - 2.65 - '516 - l. 24 1,43 - .611 - .637 - 3.25 '~ 
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Table 66 Water Quality Data - Jan, - April 1974 Sta, 1-4 
Paired t-Tests for Significant Differences between Surface and Bottom Values 
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was shown by ammonia, which was significantly higher in bottom samples on 8 
dates and significantly lower only once. The organic nitrogen fractions, 
while most frequently higher in bottom than in surface samples, showed only 4 
significant differences. 
Orthophosphate and particulate organic phosphorus were most often higher 
in bottom samples, while dissolved organic phosphorus showed the opposite 
pattern. 
All three carbon fractions had higher levels in bottom than in surface samples 
Inorganic carbon was the most consistent (20 of 21 dates, 9 significatt differ-
ences), while 'dissolved organic carbon was the least consistent. 
Bottom chlorophyll concentrations were most frequently higher than surface 
concentrations. On the three dates when surface concentrations were significantly 
higher (April, July, September, 1973), red water dinoflagellate blooms were 
present (see plankton section). 
For all the parameters taken together there were more significant differ-
ences between surface and bottom levels in the spring and fall than in other 
periods of thE! study years. The inorganic nutrient forms accounted for most 
of the differences observed. 
Stations 5 and 6 were not included in the paired-t analyses because the 
bottom samples at these stations came from much shallower depths than did the 
bottom samples at station 1-4. Nonetheless, in most cases when the t-test 
detected significant differences at station 1-4, sbnilar differences were 
observed at stations 5 and 6 (Table 67). 
Differences .Among Stations 

















Table 67. Numbers of Significant Differences in Nutrient 
Parameters Between Surface and Bottom Samples. 
No. of Sig. No. of Comparable Diffs. 
Diffs., sta. l-4 Sta. 5 Sta. 
3 2 2 
3 2 2 
6 6 5 
4 3 3 
3 3 3 
3 2 3 
8 5 7 
2 0 l 
5 5 5 
5 4 4 
2 2 2 
3 3 3 
7 7 7 
6 5 4 
6 
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differences among the stations. Surface and bottom data for each parameter were 
analyzed separately, and log transforms were used when necessary to normalize 
the data. A randomized complete block design was followed (Snedecor, 1956, 
Chapter 11), with the stations as treatments and ,the sampling dates as blocks, 
and student-Newman-Keul's test (Steel and Torrie, 1960, p. 110) was used to 
identify significant differences. 
Table 68 summarizes the results for 18 parameters for the entire study 
period (April 1972-April 1974). When significant differences were detected 
they were generally between a station at either the upper or lower end of 
the study area and other stations in the study area. Station l had higher pH 
at both surface and bottom, higher bottom alkalinity, lower surface particulate 
N, lower surface orthophosphate and total P, and lower surface chlorophyll a 
differences that reflect the greater influence of Chesapeake Bay water in 
determining water quality at the river mouth. Station 4 had lower surface 
alkalinity, higher surface and bottom nitrite N, higher bottom particulate N 
and total N, higher bottom particulate P and total P, and higher bottom 
chlorophyll §:.· The lower surface alkalinity reflects the influence of the larger 
freshwater fraction at this station, while the higher bottom particulate levels 
were probably due to the scouring effect of higher current velocities in the 
constricted channel at Gloucester Point. 
The only parameter that showed a definite progression from station to 
station was Secchi disk transparency, which increased from the Coleman Bridge 
to the river mouth. This trend reflects the gradual dilution of river water 
with Chesapeake Bay water. 
The surface data for stations 1-7 and the bottom data for stations 1-6 were 
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Table 68. Water Quality Parameter ANOVA Summary 
Sta. 1-4, 4-72 --- 4-74 
Parameter Depth Transform Differences Detected 
used (Significant at ex =.05) 
pH Surface none Sta. 1-2 higher than 3 -4 
Bottom none Sta. 1 higherthan 2-4 
ALK Surface none Sta. 4 lower than 1-3 
Bottom none Sta. 1 higher than 4 
N02-N Surface ln (x·1o3) Sta. 4 higher than 1-2 Bottom ln (x·lo3) Sta. 4 higher than 1-3 
N03-N Surface ln (x·1o3) none 
Bottom ln (X·lo3) none 
NH3-N Surface none none 
Bottom none none 
DON Surface none none 
Bottom none none 
PON Surface lnX Sta. 1 lower than 2-4 
Bottom ln X Sta. 4 higher than 1-2 
Tot. N Surface ln X none 
Bottom ln X sta. 4 higher than l-3 
Ortho P Surface ln (X·l03) Sta. 1 lower than 2-4 
Bottom ln (X ·103) none 
DOP Surface ln (X·l03) none 
Bottom ln (X ·103) none 
POP Surface ln (X·lo3) none 
Bottom ln (X·lo3) Sta. 4 higher than Sta. 2 
Tot. P Surface ln (X ·103) Sta. 1 lower than 2-4 
Bottom ln (x ·lo3) Sta. 4 higher than 1-2 
Inorg. C Surface ln X none 
Bottom ln X none 
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Table 68 (cont 'd.) 
Parameter Depth Transform Differences Detected 
used (Significant at a =.05) 
DOC Surface none none 
Bottom none none 
POC Surface ln X none 
Bottom ln X none 
Tot. C Surface none none 
Bottom none none 
Chl. a Surface ln X Sta. l lower than 2-4 
Bottom ln X Sta. 4 higher than 1-2 
Secchi depth none Sta. 1 higher than 2-4 
Sta. 2 higher than 3-4 
Sta. 3 higher than 4 
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also analyzed, for the period March 1973-April 1974. The only new differences 
that appeared involved station 7, the VEPCO outfall mouth, which had higher 
surface alkalinity than stations 4-6, lower surface chlorophyll ~ than all 
stations except station 1, and lower Secchi disk transparency than any other 
station. 
Temporal Patterns 
Monthly channel station mean surface and bottom levels of the 18 para-
meters are plotted in Figures 34 A-R. The means for the parameters for which 
analysis of variance had detected no significant differences among stations 
l-4 were calculated over all 4 stations. For the parameters that showed 
differences, separate means were calculated for the significantly different 
stations. For Secchi disk transparency, since all 4 stations were different, 
only the extreme high (Station l) and extreme low (station 4) values have 
been plotted. 
Mean surface pH ranged from 7.48 (Sta. 3 and 4; July 1972, May 1973) 
to 8.36 (Sta. l and 3; April 1972). No distinct seasonal pattern was 
evident (Fig. 34A). The range for mean bottom pH (Sta. 2-4) was 7.25 
(July 1972) to 8.05 (May 1972). The lowest means occurred in July of both 
study years, but otherwise there were no definite seasonal trends. 
The minimum surface alkalinity levels were found in February 1973 (1.06 
meq/l Sta. l-3 mean). The highest mean (1.64 meq/1) occurred in December, 
1973· Mean bottom alkalinity (Sta. 2-4) ranged from 1.35 meq/1 (April 1974) 
to l. 83 meq/1 (November, 1973). Alkalinity levels at both depths were generally 
higher in the fall, the time of minimum freshwater input (Fig. 28, 29), than 
in the other seasons (Fig. 34B). 
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Figures 34 A-R. Seasonal Nutrient Distributions, 
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Surface and bottom inorganic carbon, as expected, showed a pattern 
similar to that for alkalinity, with generally increased concentrations in 
the fall (Fig. 34C). The overall range for surface mean inorganic carbon was 
676 ~g-at/1 (July 1972) to 1423 ~g-at/1 (August 1973), while the bottom 
range was 798 ~g-at/1 (June 1973) to 1518 ~g-at/1 (October 1973). 
The highest Secchi disk transparencies were measured in December, 
while the lowest values occurred in the late winter and early spring (Fig. 
34D). The range was .60 m (Sta. 4, Feb. 1973) to 2.32 m (Sta. 1, December 
1973). 
Surface and bottom orthophosphate increased gradually during the summer 
to maxima in September in both study years (Fig. 34E). Concentrations then 
declined during the fall and maintained relatively constant low levels until 
early summer. The surface range for Sta. 2-4 covered almost one order of 
magnitude, from .24 ~g-at/1 (May 1972) to 2.15 ~g-at/1 (September 1973). The 
surface maximum at Sta. 1 was 1.47 ~g-at/1 (September 1973). The bottom range 
for Sta. 1-4 was .34 flg-at/1 (April 1973) to 2.14 ~g-at/1 (September 1973). 
Surface mean dissolved organic P ranged from .13 ~g-at/1 (May 1972) to 
2.14 ~g-at/1 (April 1973). The bottom range was .10 ~g-at/1 (August 1972) 
to 1.77 ~g-at/1 (April 1973). Both surface and bottom concentrations were 
relatively constant from late fall to early spring, oscillating about .5 ~g-at/1 
(Fig. 34F). In 1972 spring and summer surface means also approximated this 
concentration while bottom means were lower. In spring and summer 1974, the 
means were higher than in any other period of the study. 
Particulate P means were lowest in the fall and winter and highest in the 
late summer (Fig. 34G). Distinct increasing trends appeared in the summer 
surface and bottom concentrations for 1973. The surface range was .17 ~g-at/1 
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(November 1972) to 1.48 ~g-at/1 (September 1973). The bottom range for 
Sta. 1-3 was .33 ~g-at/1 (January 1974) to 6.07 ~g-at/1 (September 1972). 
Surface and bottom nitrite -N concentrationspeaked sharply in the 
early fall, but otherwise were very low relative to concentrations of the 
other N forms (Fig. 34H). The range of surface mean concentrations (Sta.l-
3) was .07 ~g-at/1 (May, July 1973) to 7·3 ~g-at/1 (october 1973). The 
bottom range was .10 ~g-at/1 (May 1973) to 2.51 ~g-at/1 (October 1973). 
Nitrate-N concentrations were lowest in the period May-September, then 
increased to winter maxima (Fig. 34I). The lowest surface mean was found in 
April 1972 (.38 ~g-at/1) while the highest mean (11.2 ~g-at/1) was calculated 
for January and February 1973. The range for bottom meanswas .74 ~g-at/1 
(June 1972) to 10 ~g-at/1 (January 1973). 
Ammania-N concentrations fluctuated ~rratically from month to month, but 
in general were highest in the summer and fall) lowest in the winter and 
spring (Fig. 34J). Ammonia was the most abundant form of inorganic N in 
the summer months. The surface range of Sta. 1-4 means was 0-27.9 ~g-at/1, 
while the bottom range was 0-28.6 ~g-at/1. Both maxima occurred in September 
1972. 
Dissolved organic N usually accounted for a major fraction of the total 
N present (Fig. 34K). It was more abundant than the sum of the inorganic 
N fractions and also more abundant than the particulate N fraction in most 
months. The surface range of Sta. 1-4 means was 8.4 ~g-at/1 (May 1973) to 
36.4 ~g-at/1 (July 1972). The bottom range was 2.4 ~g-at/1 (August 1973) to 
37.2 ~g-at/1 (July 1972). 
Concentrations of particulate organic N varied widely from month to month) 
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with no definite seasonal pattern (Fig. 34M). The surface range for Sta. 2-
4 means was 1.7 ~g-at/1 (June 1972) to 54.7 ~g-at/1 (September 1973). The 
bottom means (Sta. l-3) ranged from 3.4 ~g-at/1 (March 1974) to 37·7 ~g-at/1 
(October 1973) • 
In only three months of the study (August, September 1973; January 1974) 
did mean particulate organic C concentrations (Fig. 34N) exceed dissolved 
organic C concentrations (Fig. 34L). The surface range for Sta. l-4 mean 
dissolved organic C was 354 ~g-at/1 (October 1972) to 1096 ~g-at/1 (August 
1973). The bottom range was 334 ~g-at/1 (February 1974) to 1074 ~g-at/1 
(June 1973). For particulate organic C the surface range was 88 ~g-at/1 
(March 1974) to 1711 ~g-at/1 (September 1973), while the bottom range was 
104 ~g-at/1 (July 1972) to 1569 ~g-at/1 (August 1973). On only six sampling 
dates was either of the organic fractions more abundant than dissolved inor-
ganic carbon at either depth. 
The seas:onal distributions of total N, total P, and total C are plotted 
in Fign. 34 0 -34Q. Distinct seasonal patterns are not as evident in these 
figures as they are in plots of some of the individual fractions. The 
ranges are as follows: surface total N (Sta. 1-4) 24.6 ~g-at/1 (July 1973) 
to 81.2 ~g-at/1 (February 1974); bottom total N (Sta. 1-3) 21.9 ~g-at/1 
(June 1972, July 1973) to 82.3 ~g-at/1 (February 1974); surface total P (Sta. 2-
4) .69 ~g-at/1 (May 1972) to 5.61 ~g-at/1 (September 1973); bottom total P 
(sta. l-3) .96 ~g-at/1 (May 1972) to 8.32 ~g-at/1 (September 1972); surface 
total C 1428 ~g-at/1 (April 1974) to 3832 ~g-at/1 (August 1973); bottom 
total C 1512 ~g-at/1 (April 1974) to 3879 ~g-at/1 (August 1973). 
Surface chlorophyll a peaked in late summer in both study years (Fig. 34R). 
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The range of the Sta. 2-4 means was 1.7 ~g/1 (September 1972) to 42.8 ~g/1 
(August 1972). The range of bottom Sta. 1-3 means was 1.5 ~g/1 (April 1973) 
to 23.5 ~g/1 (April 1972). 
The seasonal ranges for the 18 parameters are summarized in Table 69. 
These ranges cover the entire study period of 25 months, and do not differ-
entiate between the two study years. For certain parameters there were 
differences between the years that can be related to specific natural events. 
Surface alkalinity and inorganic carbon levels in the late summer of 1972 
were lower than in the same period of 1973, because of the dilution effect of 
the freshwater runoff associated with Tropical Storm Agnes. The high levels 
of ammonia and dissolved organic N in late summer 1972 could also have resulted 
from the Agnes runoff, The extreme high levels of particulate organic C and 
surface particulate organic N in the late summer of 1973 appeared to result 
from red water phytoplankton blooms during this period. These blooms also 
relate to the lower levels of nitrate and ammonia N during late summer 1973, 
relative to the levels in 1972. Because of the influence of Tropical Storm 
Agnes in 1972 and of the red water blooms in 1973 it would be inappropriate to 
combine the data from the two study years to yield average levels of the 
study parameters to represent the environmental conditions during all of 
phase II of the study. 
Correlations 
Certain of the parameters measured were interrelated and therefore could 
be expected to vary similarly from date to date. One such parameter group 
consisted of pH, alkalinity, inorganic carbon, and salinity, which are rela-
tively conservative parameters whose levels depend upon the proportion of sea 
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Table 69. Ranges of Mean Parameter Values, Channel Stations 
Lower York River, April 1972 - April 1974 
Surface Bottom 
Parameter Stations Min. Max. Stations Min. Max. 
pH 3, 4; 1, 2 7.48 8.36 2-4 7.25 8 .OS 
Alk (meq/1) 1-3 1.06 1.64 2-4 1.35 1.83 
inorgo C (!J. g-at/1) 1-4 676 1423 1-4 798 1518 
Secchi depth (m) 1, 4 • 60 2.32 
ortho P (1-L g-at/1) 2-4 .24 2.15 1-4 .34 2.14 
diss. org. P (1-L g-at/1) 1-4 .13 2.14 1-4 .10 1.77 
part. orgo P ( 1-L g-at/1) 1-4 .17 1.48 1-3 .33 6.07 
Total P (!J. g-at/1) 2-4 .69 5.61 1-3 .96 8o32 
N02-N (!J. g-at/1) 1-3 .07 7.3 1-3 .10 2.51 
N03 -N ( 1-L g-at/1) 1-4 .38 11.2 1-4 .74 10 
NH3-N (IJ. g-at/1) 1-4 0 27.9 1-4 0 28.6 
diss. org. N (!J. g-at/1) 1-4 8.4 36.4 1-4 2.4 37.2 
part. org. N ( 1-L g-at/1) 2-4 1.7 54.7 1-3 3.4 37.7 
Total N ( 1J. g-at/1) 1-4 24.6 81.2 1-3 21.9 82.3 
disso org. C ( IJ.g-at/1) 1-4 354 1096 1-4 334 1047 
parte orgo C ( 1J. g-at/1) 1-4 88 1711 1-4 104 1569 
Total C ( IJ. g-at/1) 1-4 1428 3832 1-4 1512 3879 
Chl. ~ ( 1-L g/1) 2-4 L7 42.8 1-3 1.5 23.5 
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water present. Linear correlation analyses, employing the means of the station 
1-4 levels for the separate sampling dates, yielded significant correlations 
for the following pairs for both surface and bottom: alkalinity and inorganic 
carbon, alkalinity and salinity, and salinity and inorganic carbon (Table 70). 
A second group consisted of the particulate fractions of P, N and c, 
chlorophyll ~ and Secchi disk transparency, all of which relate to the total 
concentration of particulate material present. Correlations for the following 
pairs of these parameters were significant (Table 70): surface part.P and 
chlorophyll~ surface and bottom part. P and part. N, and surface part. P 
and Secchi depth (negative correlation). 
In a third group, consisting of the totals for P, N) and c, the only 
significant correlation was between bottom P and C (Table 70). 
Correlations were also calculated for pairs of parameters on individual 
sampling dates, to detect similarities in spatial variations. Because of the 
small number of replicates (four on most dates), very few coefficients were 
significant. The parameter pair with the largest number of significant corre-
lations (a =.05) was bottom inorganic C and alkalinity, with 8 positive values 
for 2l sampling dates. Bottom particulate P and chlorophyll ~were next with 
6 significant positive correlations for 23 dates, while surface orthophosphate 
and chlorophyll a had 6 significant positive values for 25 dates. 
I -
R~ioo 
Nutrient ratios can be useful in suggesting controU_ing relationships 
between available nutrient pools and phytoplankton growth. A ratio that compares 
the availability of N to that of P is inorganic N (nitrite + nitrate + ammonia) 
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for stations 1-4 are plotted in Fig. 35· These ratios are relatively low, 
compared to the 15:1 ratio of N:P often quoted for living organisms, suggest-
ing that if either of these nutrients limited phytoplankton growth during 
the study period, N limitation was more likely than P limitation. There was 
probably more N available, in the form of urea, which was entirely omitted 
from the ratio calculations, and ammonia, which was probably Underestimated 
by the analytical techniques, so the true ratios of available N to available 
P should be adjusted upward, but by an unknown amount. 
The ratios of particulate N to particulate P (Fig. 35) are much higher 
than the inorganic N to total P ratios. Assuming that most of the particulate 
organic matter is detritus, this suggests that P is liberated more rapidly 
than N from the decomposing particles. 
A further interpretation is that an external source of P would be 
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Cell counts for the major phytoplankton species collected on each 
sampling date are presented in Tables 71-95. For the first study year, April 
1972-March 1973, selected samples were counted in order to describe the 
general seasonal patterns of abundance of the major species groups. In the 
second study year, April 1973-April 1974, all 14 samples from each sampling 
date were counted, so that spatial distribution patterns could be determined. 
A blank in Tables 71-95 signifies that fewer than one organism of a given 
species were present per milliliter, but not necessarily that the species was 
entirely absent from the samples. 
Spatial Patterns 
Differences Between Surface and Bottom 
Cell counts for the channel stations (Sta. 1-4) showed that the motile 
flagellate species (Cryptophyta, Pyrrophyta, Chlorophyta) were usually more 
abundant in surface samples (Tables 71, 83-95), but that the nonmotile 
diatom species (Bacillariophyta) were often more numerous in bottom samples 
(Tables 83-95). Paired t-tests employing transformed (ln(#/ml +1)) surface 
and bottom data for selected abundant species revealed significant differences 
on most sampling dates in the second study year (Table 96). 
Differences Among Stations 
Analysis of variance, employing the randomized complete block design and 
Student-Neuman-Keul's test to identify significant differences, was applied to 
the phytoplankton data for the period April 1973-April 1974. The results 
showed that counts of surface diatoms were higher at station 1 than at stations 
4, 5, or 6. Surface dioflagellate counts, however, were lower at station 1 
Table 71. Phytoplankton counts, major species, 4-6-72 
(No. per 10 ml) 
Depth Station 
l 2 4 
Chl a s 3-7 9·5 18.2 18.2 
(f.Lg/1) B 17.2 22.8 30.6 37.4 
Cyanophyta 
Gom12hos ·12haer ia s '51500 41500 32210 32200 
sp. B 16100 19000 20220 38800 
Cryptophyta 
Chroomonas s 15~00 l984o 22200 18820 
s:p. 2 (8f-t) B 7430 9940 10310 16100 
Chroomonas s 1034 1600 1603 1344 
s:p. l (16f-t) B Present, but not in countable numbers 
1-' 
~ 
Bacillar i ophyt a N 
Cerataulina. intact S 880 74oO 22820 286oo 
pelagic a B 2060 496o 3620 l346o 
empty s 17600 '16200 10120 5280 
B 8680 12100 l24o 4450 
C;y:clotella. intact S 7710 13860 16700 16640 
striata B 4950 l4o90 7250 13680 
empty s 5440 6670 5540 4910 
B 8900 88oo 6940 8180 
Pyrrophyta 
Prorocentrum s 79 220 286 105 
minimum B 20 22 31 43 
Peridinium s 64 107 92 41 
subinerme B 161 17 5 5 
173 
Table 72. Phytoplankton counts, major species, 




Chl §. ( 1-Lg/1 ) s 3.2 
B 8.5 
Cyanophyta 
Gom.EhosEhaeria s 56000 
sp. B 88100 
Cryptopbyta 
Chroomonas s 21900 
sp. 2 (81-L) B 19680 
Chroomonas s 5630 
s·p. 1 (161-L) B 5070 
Pyrrophyta 
Prorocentrum s 3158 
minimum B 413 
Katodinium (?) s 2325 
sp. B 1450 
Eug1enopbyta 
Eutreptia sp. s 878 
B 414 
Bacillariophyta 
Cyc1ote11a intact S 517 
striata B <50 
empty s 4390 
B (50 
Guinardia s 10 
f1accida B 1045 
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Table 73. Phytoplankton counts, major species, 6-15-72 
(No. per 10 ml) 
Depth Station 
1 
Chl ~ (IJ.g/1) s 6.1 
B 9·5 
Bac i11ar iophyta 
Rhizoso1enia intact s 385 
fragiliss ima B 16650 
empty s 8 
B 
Cyc1ote11a sp. intact s 12300 
(101-L dia.) B 2120 
empty s 14oo 
B n4o 
Skeletonema s 4390 
subsaJ.sum B 520 
Cryptophyta 
Chroomonas s 5170 
sp. 2 (8iJ.) B 6ooo 
Chroomonas s 5747 
sp. 1 (161-L) B 2480 
175 
Table 74 ~ Phytoplankton counts, major species, 7-7-72 
(No. per 10 ml) 
Depth Station 
1 3 
Chl ~ (f.J.g/1) s 6.6 10.2 
B 4.9 4.7 
Cryptopbyta 
Chroomonas s 25400 6430 
sp. 2 (8f.l) B 29720 826 
Chroomonas s 8020 9750 
sp. 1 (16f.l) B 9840 410 
Pyrrophyta 
Glenodinium (?) s 3930 4340 
sp. (17f.J.) B 5320 
Prorocentrum s 96 42 
micans B 65 
Bacillariophyta 
C;y:c1ote1la intact S 1290 1240 
spp. (8-10f.J. dia.) B 1500 
empty s 176o 
B 2380 
Ske1etonema s 259 1744 
cos tatum B 611 1045 
176 
Table 7;5. Phytoplankton counts, major species, 8-15-72 
(No. per 10 ml) 
Depth Station 
1 2 
Chl ~ (~g/1) s 15.6 94.0 
B 5.4 3·9 
Pyrropbyta 
Glenodinium (?) s 4910 92000 
sp. (17~) B ? 150 
Katodinium (?) s 7250 24800 
sp. (8~) B 
Prorocentrum s 323 390 
micans B 9 20 
Cryptophyta 
Chroomonas s l868o 30900 
sp. 2 (8~) B ? 520 
Chroomonas s 4350 11400 
sp. 1 (16~) B ? 310 
Chlorophyta 
Carteria sp. s 22600 15400 
B 
Cyanophyta 
GomJ2hOSJ2haeria s 9420 724o 
sp. B 
Bacillariophyta 
C;y:clotel1a s 1240 ? 
striata B ? 2800 
Skeletonema s 1345 700 
costa tum B 63 <50 
177 
Table 76. Phytoplankton counts, major species, 9-14-72 
(No. ·per 10 ml) 
Cryptopbyta 
Chroomonas 
s·p. 2 (81!J1.) 
Chroomonas 














































Table 77. Phytoplankton counts, major species, 10-17-72 




Chroomonas s 6100 6100 
sp. 2 (8f.l.) B 3620 6830 
Chroomonas s 4650 1970 
sp. 1 (16[.1.) B 1034 942 
Chlorophyta 
Carteria sp. s 2790 3620 
B 14o 200 
Ankistrodesmus s 1650 166o 
sp. B 320 518 
Pyrrophyta 
Katodinium (?) s 4450 2070 
sp. B 207 180 
Glenodinium (?) s 156 208 
sp. (17f.l.) B 
Gymnodinium s 100 130 
splendens B 
Bacillariopbyta 
Rhizosolenia s 197 318 
fragilissima B 2267 894 
Skeletonema s 5 83 
costa tum B 134 171 
Achnanthes s 
sp. (10[.1.) B 620 206 
Asterionella s 7 23 
ja)2onica B 45 378 
179 
Table 78. Phytoplankton counts, major species, 11-17-72 
(No. per 10 rnl) 
Depth Station 
1 4 
Chl ~ (iJ.g/1) s 6.8 6.1 
B 7·3 7·5 
Cryptophyta 
Chroomonas s 5850 6730 
spp. B 2840 2480 
Bacillariophyta 
Skeletonema s 2498 1626 
cos tatum B 3820 1147 
Asterionella s 2320 1483 
japonica B 2900 957 
Chaetoceros s 634 293 
sp. B 831 365 
180 
Table 79. Phytoplankton counts, major species, 12-14-72 
(No. per 10 ml) 
Depth Station 
1 
Chl §:. ( [.lg/1) s 4.2 
B 4.9 
Bacillariophyta 
Skeletonema s 27800 
cos tatum B 244oo 
Asterionella s 1290 
japonica B 1970 
Chaetoceros s 1085 
sp. B 930 
Cryptophyta 
Chroomonas s 7220 
sp. 2 (8ll) B 3720 
Chroamonas s 828 
sp. 1 (16[.1.) B 570 
181 
Table 80. Phytoplankton counts, major species, l-12-73 No. per ml 
Station 
l 2 3 4 
Depth (m) l l l l 
Chl ~ (f.l.g/1) 6.l 5.8 5·6 7·0 
Cyanophyta 
Gomphosphaeria sp. 1510 370 990 990 
Cryptophyta 
Chroomonas sp. l (l6f.l.) 620 SlO 430 540 
Chroomonas sp. 2 ( Sf.l.) 390 So 60 100 
5-Sf.l. Cryptophytes 330 270 
Chilomonas sp. 40 40 
Chlorophyta 
Pyramimonas sp. 20 40 
Pyrrophyta 
Katodinium rotundatum 1570 6So 720 6oo 
Prorocentrum minimum 390 290 210 210 
Peridinium triquetrum 4 30 20 6o 
Bacillariophyta 
Cyclotella s·p. l ( lOf.l.) 6o 100 100 
Cyclotella sp. 2 ( 5f.l.) So 6o So 
Skeletonema costatum 2520 3390 2030 2SSo 
182 
Table 81. Phytoplankton counts, major species, 2-12-73 No. per ml 
Station 
l 2 3 4 
Depth (m) l l l l 
Ch1 ~ (IJ.g/1) 8.1 9-7 10.0 17.2 
Cyanophyta 
Gomphosphaeria sp. 410 990 3970 170 
Cryptophyta 
Chroomonas sp. 1 (161-l) 350 310 330 250 
Chroomonas sp. 2 ( 8!-l) 370 60 120 
51-l Cryptophyte 210 230 20 
Chilomonas sp. 20 20 
Chlorophyta 
P;yramimonas sp. 20 4o 20 
Pyrrophyta 
Katodinium rotundatum 190 190 250 so 
Prorocentrum minimum 1020 770 6oo 460 
Peridinium triquetrum 44o 500 700 870 
Bacillariophyta 
C;y:clotella sp. 1 (10!-l) 300 370 520 290 
C;y:c1otella sp. 2 ( 8!-l) 140 140 6o 
Skeletonema costatum 1370 4550 2790 1950 
Rhizosolenia fragilissima 3 
Asterionella japonica 10 6o l 40 
Tha1assionema nitzschioides 2 3 2 
183 
Table 82.Phytoplankton counts, major species, 3-13-73 No. per ml 
1 2 3 2 
Depth (m) 1 1 1 14 
Chl !!. (!-lg/1) 4.5 7·4 6.0 5.4 
Cyanophyta 
Gomphosphaeria sp. 2150 1370 450 2900 
Cryptophyta 
Chroomonas sp. 1 (16!-l) 500 720 460 130 
Chroomonas sp. 2 ( 8!-l) 160 250 110 100 
5!-l Cryptophytes 270 190 100 
Chilomonas sp. 20 6o 100 
Chlorophyta 
Pyramimonas sp. 100 
Pyrrophyta 
Katodinium rotundatum 370 430 220 100 
Prorocentrum minimum 270 6oo 110 50 
Peridinium triquetrum 30 10 
Bacillariophyta 
C;yclotella sp. 1 (10!-l) 680 660 620 1240 
C;yclotella sp. 2 ( 5!-l) 330 40 
Ske1etonema costatum 4350 4350 5830 5280 
Rhizosolenia fragilissima 30 6o 70 80 
Asterionel1a japonica 6o 6o 100 
Thalassionema nitzschioides 6o 90 20 10 
~··· .. ,. 
Table 83. Phytoplankton counts, major species, 4-9-73 (No. per ml) 
• Channel Stations Inshore Stations 
Surface Bottom Surface Mid Bottom 
1 2 3 4 1 2 3 4 5 6 7 _6 5 6 
Depth (m) 1 1 1 1 14 22 14 25 1 1 1 4 9 s 
Chl. 2._ (IJ.g/1) 1.7 2.6 3·1 5·2 1.3 1.7 1.4 2.5 2.0 1.7 1·9 1.6 2.1 2.1 
Cyanophyta 
Gomehos·J2haeria sp. 1000 500 260 20 2100 1100 210 220 100 56o 160 640 
Cryptophyta 
Chroomonas sp. 1 (1~) So 230 210 330 14o 160 S3o 16o 140 190 100 70 120 So 
Chroomon~s sp . 2 (S!-l) So 20 So 40 6o 140 120 4o So 100 40 90 
.Chl oropbyt a 
'i Pyramimcnas sp. 230 120 210 So 
P;trrophyt,;, 1-' 
Prorocu!ltrum minimum 1100 3500 7900 5300 6So 1000 2200 2300 2000 3SOO 1200 14oO 2500 1600 00 .p. 
PeridiE:um triquetrum 40 110 360 310 20 10 1) So 310 230 So 50 
Kat odin' um sp. 20 16o 200 230 So 60 230 210 50 50 
G1en::JdiLium sp. 40 40 
Dip1opsalis sp. 4o 110 190 1SO 5 10 30 160 130 20 
Gynmodinium sp. 140 370 50 330 5 30 120 160 4o 
Gyrodinium sp. 1 1SO 20 7 3 s 2 9 s 6 7 2 3 10 7 
Baci11ariopbyta 
Cyc1ote11 a sp. 1 (101-l) 
intact 100 So 140 6o 270 2'(0 2~·.J 120 1SO 120 70 16o 40 230 
empty 370 40 190 210 1000 620 280 56o 390 210 4oo 390 480 310 
Cyclotel1a sp. 2 (5!-l) 
intact 200 40 16o 270 100 120 4o So 
empty 490 250 100 440 54o 410 so 6o 
S~e1et::>r:'Oma costatum So 40 s So So 30 30 100 40 10 270 16o 110 
Rhi:~ osv~. '3nia fragiliss im8 150 5 5 5 250 1SO 70 50 20 20 20 4o 30 130 
:!!,···~ .. 
Table 84. Phytoplankton counts, major species, 5-8-73 (No. per ml) 
Channel Stations Inshore Stations • 
Surface Bottom Surface Mid Bot tan 
1 2 3 4 1 2 3 4 5 6 7 6 2 6 
Depth (m) 1 l l l 18 16 12 18 1 l l --5 lO 10 
Chl. ~ (IJ.g/1) 5·4 5·3 5.2 9·7 8.8 9·7 12.9 13.8 7·8 10.5 6.2 6.6 16.8 11.0 
Cyanophyta 
Gomphosphaeria sp. 2600 1900 3400 2000 4ooo 4200 3000 1400 1200 2800 6oo 2900 1800 3900 
Cryptophyta 
Chroomonas sp. l (l61J.) 270 230 330 330 140 80 20 180 350 230 6o 
Chroomonas sp. 2 ( 81J.) 170 6o 290 120 6o 40 190 4o 140 310 6o 120 20 140 
Chlorophyta 
P:t:ramimonas sp. 120 140 20 100 60 100 100 
Pyrrophyta 
Prorocentrum minimum 
intact 1100 1200 1800 1900 4900 3900 4200 1900 2200 2100 1400 2300 6300 4200 ..... 00 
empty 1600 1700 1800 1200 1600 2500 1900 1900 1800 1800 890 1900 2300 3100 \Jl 
Katodiniu:n rotundatum 100 310 140 350 80 6o 210 430 20 20 
G:flnnodiniurn sp. 430 80 6o 80 120 230 180 80 20 
Dielo·Qsal·' s s·p. 100 100 270 270 270 190 11,o 120 290 300 l6o 110 100 20 
Bacillariop"yta 
3600 C:t:clotellt·. sp.l (lO!J.) 5100 2400 2800 1100 5900 3100 1100 2000 2700 2400 3300 l4oO 4300 
_Q;,Il[:lote111c s·p.2 ( 51J.) 3000 26o0 2000 3800 4000 6300 3500 34UO 2800 2800 1300 2000 5700 2400 
Rhizosolenia fragilissima 6o 10 30 20 320 330 160 20 30 lO 50 30 90 
Asterione~ .. la .jap:mica 50 4 
3~elet.oner:.a costatum 20 20 So 40 40 20 
:t!o···--
Table 85. Phytoplankton counts, major species, 6-6-73 (No. per ml) 
• 
Channel Stations Inshore Stations 
Surfiwe Bottom Surface Mid Bottom 
1 2 2 4 1 2 ~ 4 5 6 I 6 2 6 
Depth (m) 1 1 1 1 14 10 9 24 1 1 1 5 10 10 
Chl • .§. (!J.g/l) 4.4 4.1 4.2 5·6 6.3 5.4 5·1 9·2 4.4 3·7 3.1 4.1 6.3 4.6 
Cryptophyta . 
Chroomonas sp.l (l6j.J.) 460 390 200 350 100 100 460 100 100 
Chroomonas sp.2 ( 8j.J.) 250 1600 1900 2100 830 620 930 30 1900 1700 6oo 1050 1000 . 1100 
Chlorophyta 
P;zramimonas sp. 140 290 180 290 270 6o 
Pyrrophyta 
Katodinium rotundatum 1200 970 870 580 420 870 270 430 
G1enodinium sp. 10 160 50 20 5 
Peridinium sp. 2 6 50 3 1 ,..... co 
0\ 
Bacil1ariophyta 
C;zclote1la sp. 1 (lOiJ.) 250 190 330 80 310 210 100 100 130 120 210 6o 520 
Cyclotella sp. 2 ( 5!J.) 120 120 120 100 110 210 110 16o 110 210 
Skeletonema costatum 5100 4ooo 2500 1600 2700 6800 2500 1700 2100 2300 620 3500 3300 6100 
Chaetoceros spp. 340 150 520 6oo 6oo 100 130 490 20 550 650 120 
Rhizoso1enia fragilissima 4o 20 2 1 20 5 3 3 1 4 5 
Nitzschia sp. 40 30 20 3 530 120 90 9 5 8 5 20 20 20 
Nitzschia longissima 3 5 3 250 2 2 
...... 
Table 86. Phytoplankton counts, major species, 7-6-73 (No. per ml) 
Channel Stations Inshore Stations 
Surface Bottom Surface Mid Bottom 
1 2 3 4 1 2 3 ~ 5 6 1 6 2 6 
Depth (m) 1 1 1 1 22 20 15 25 1 0 1 4 9 9 
Chl. ~ (iJ.g/1) 8.4 17.0 10.2 13.1 3.6 4.1 4.9 7·5 17·7 30.3 4.8 7·0 5·5 5.0 
Cryptopbyta 
Chroomonas sp. 1 (16iJ.) 1200 66o 1200 910 300 210 30 210 76o 520 110 140 100 420 
Chroomonas sp. 2 ( 8fl.) 850 450 410 890 200 100 470 620 390 310 
Chlorophyta 
Pyra:n \monas sp. 370 450 66o 1100 64o 890 170 100 
Pyrropbyta ..... 00 
Katodiniw .. rotundatum 350 230 310 740 230 290 80 ..... 
G1enodinbw sp. 64o 2000 1100 2400 50 1300 3900 440 40 
GymnodiniG.m splendens 110 280 75 170 6 1 1 160 500 30 20 1 3 
G~odinb~n sp. (15iJ.) 6o so 40 100 210 20 6o 4o 
Peridiniur•r sp. 8 40 7 1 
Prorocentrum micans 20 5 3 10 1 10 20 2 1 1 
Gon;y:aula.x sp. 1 8 10 20 20 9 1 1 
Pol;,ckrikos sp. 2 3 2 1 
Prorocentrum minimum 80 5 2 
Bacillariopr:yta 
Cyclotella sp.1 (10fl.) 120 6o 20 100 40 210 
C;t:c1otella. sp.2 ( 5iJ.) 100 8c 140 6o 100 20 60 100 310 
Ske1etone:· o. cos tatum 170 30 170 60 440 20 160 50 230 130 170 6o 110 
Leptoc;L1ir.:J.rus sp. 190 4o 
ITi tzschia .31). 10 7 10 3 70 6o 4o 20 10 5 1 30 20 8 
TLalass i0r. s:a nitzschioides 4 3 4 4 1 1 4 3 20 2 6 
l.Lzschia _: <.ngissima 1 2 1 2 2 3 1 6 
-
I 1 2 
Table 87. Phytoplankton counts, major species, 8-3-73 (No. per ml) 
Channel Stations Inshore Stations 
Surface Bottom Surface Mid Bottom 
1 2 3 4 1 2 3 4 2 6 I 6 2 6 
Depth (m) 1 1 1 1 20 20 14 24 1 1 1 G 8 9 
Chl. ~ (f.J.g/1) 6.6 11.8 14.3 4.6 5·6 5·3 5·4 7·3 17.0 7·8 8.0 6.6 7·6 4.7 
Cryptophyta 
Chroomonas sp.l ( 16f.l.) 370 66o 480 170 110 110 430 470 210 160 310 llO 
Chroomonas sp.2 ( 8f.J.) 1200 1600 1400 500 210 310 1300 420 1300 120 1000 540 520 420 
Chlorophyta 
I;i:ramimonas sp. 60 60 160 120 100 
Pyrrophyta 
Katodinium rotundatum 170 120 210 250 210 310 1-' 00 
Glenodinium sp. 100 230 140 5 270 6o 100 00 
Gyrodiniur:. sp.2 (l8f.J.) 50 20 70 20 30 4o 
Cochlodinium sp. 20 100 14o 5 130 10 50 2 
Gon;y:aulax sp. 30 30 6o 2 1 70 20 10 5 2 
Prorocentrmn micans 8 10 10 1 10 10 2 3 1 
Gynmodinium sp1endens 1 1 1 3 1 1 1 1 
Bac illariophyta 
Cyclotella sp.l (10f.J.) 140 120 120 310 60 80 210 20 310 
Cyclo~el1a sp. 2 ( 5f.J.) 330 190 140 40 6oo 140 390 210 270 1000 310 
Cyclotella sp. 3 (15f.l) 60 70 30 6o 60 50 70 
Skeletone:·.a costatum 30 30 50 70 30 30 6o 100 50 50 30 60 120. 8o 
Chaetocer·:,s spp. llO 50 5 10 10 20 10 6 10 
Iritzschia .3p. 1 1 10 10 1 1 
Asterione.;:il japonica 1 2 2 10 10 2 1 1 1 5 7 20 
Nitzschia 1:mgissima 4 1 1 2 1 3 2 1 1 3 6o 1 3 1 
Table 88. Phytoplankton counts, major species, 9-4-73 (No. per ml) 
Channel Stations Inshore Stations • 
Surface Bottom Surface Mid Bottom 
1 2 ;2 4 1 2 3 4 2 6 1 _§__ 2 6 
Depth (m) 1 1 1 1 20 17 1~ 27 1 1 0 5 9 10 
Chl. §. (1-Lg/1) 16.3 45·5 38.4 35·7 4.3 5·1 6.4 4.9 15·3 31.8 7·5 7·4 6.7 3·1 
Cryptophyta 
Chroomonas sp.1 (161-L) 850 1200 270 520 30 30 350 890 
Chroomonas sp.2 ( 81-L) 3700 6900 2700 6100 100 100 2800 4900 930 410 720 
Chlorophyta 
Ezramim;:,nas sp. 120 1000 370 120 970 1700 
Pyrrophyta 
Prorocentrum micans 770 2200 400 48o 1 1 250 580 90 10 2 1 
PoJ.ykrikos sp-. -- 70 340 280 270 70 210 4 10 3 
Gon;tau1ax sp. 2 20 10 30 1 7 30 2 
Gonyaulax monilata 2 2 1 1 1 
Ceratium sp. 2 4 2 1 1 2 1 ,... 00 
<0 
Baci11ariophyta 
C;tc1otella sp. 1 (10!-L) 8o 4o 40 120 210 100 100 20 100 100 
C;tclotella sp. 2 ( 5f.l) 990 890 1200 54o 520 520 720 930 910 1400 1600 520 520 1200 
C;tclotella sp. 3 (15f.l) 10 80 8o 50 100 40 50 80 30 
Skeletoncr1a costatum 1 1 4 50 6 4 20 
Thalassioncma nitzschioides 5 3 4 2 10 20 10 10 4 10 10 10 10 
15 chained pennate 220 120 190 30 so 440 340 440 70 14o 360 520 160 340 
Nitzschia longissima 1 1 10 
J!.···--
Table 89. Phytoplankton counts, major species, 10-3-73 (No. per ml) • 
Channel Stations Inshore Stations 
Surface Bottom Surface Mid Bottom 
1 2 ~ 4 1 2 3 4 :2 6 I 6 :2 6 
Depth (m) 1 1 1 1 20 20 18 24 1 1 0 5 8 10 
Chl. ~ (flg/1) 4.2 3.6 4.4 2.5 3.2 3·9 5·6 11.4 3·9 3·0 2.5 1·7 3.4 4.2 
Cryptoph;yta 
Chroomonas sp. 1 (16f.l.) 540 620 62o 6oo 100 520 640 210 
Chroomomcs sp. 2 ( 8f.l.) 68o 930 580 1200 210 100 210 830 830 520 
Chloroph;yta 
Pyramimonas sp. 8o 500 310 410 48o 430 20 
Pyrrophyta 
..... 
Katodinitun rotundatum 120 8o 230 60 4o 40 
"' 0 Glenodin.i.um sp. 4o 10 
Prorocen~rum micans 3 1 1 1 1 1 1 1 
CeratiUJ:_ fu.rca 2 1 2 1 1 
Peridinium sp. 1 3 2 5 3 1 
Bac illario:_-·hyta 
Ci£clotella sp. 1 (lOf.l.) 4o 20 80 20 20 6o 
Ci£clotella sp. 2 ( 5fl) 230 330 310 100 520 520 410 310 330 210 290 210 720 
Skeletono:aa costatum 10 1 10 10 120 30 40 90 10 6 8 4 30 
Rhizoso:enia fragilissima 2 1 10 6 1 8 1 1 1 5 
Chaetocce·ros spp. 10 3 1 4 70 4o 20 10 1 1 10 4 20 10 
10 f.'. pen:1ate 120 210 100 6o 310 310 210 !no 40 40 100 210 
Table 90, Phytoplankton counts, major species, 11-2-73 (No. per ml) • 
Channel Stations Inshore stations 
Surface Bottom Surface Mid Bottom 
1 2 ~ 4 1 2 ~ 4 2 6 1 6 2 6 
Depth (m) 1 l 1 1 17 18 17 24 1 1 ·5 4.5 8 9 
Chl. §. (j.J.g/1) 1.6o 2.24 2.70 2.91 5·87 2.15 2.36 4.68 2.53 2.11 1.56 1.?9 2.83 4.77 
Cryptophyta 
Chroomonas sp. 1 (l6j.J.) 350 500 350 620 30 100 850 430 6o 30 
Chroomonas sp. 2 (8j.J.) 370 520 390 540 100 520 230 100 140 
5-8 Cryptophytes 390 240 200 510 350 470 230 100 
8j.J. Chilomonas sp. 40 20 
Chlorophyta 




Katodinium rotundatum 20 620 6o 310 140 290 
GlenodiniuF sp. '20 6o 4o 30 
Prorocentn.Ga minimum 1 l 1 1 1 1 1 
Prorocentru:1 micans 1 1 1 
Gymnodiniu::: splendens 1 l 3 3 1 1 1 
Bacillariophyta 
C;rclotella sp. 1 (10j.J.) 20 4o 80 40 100 4o 
Cyc1otella. sp. 2 ( 5j.J.) 190 170 160 100 4o 100 140 20 
Ske1etonevta costatum 2 l 1 1 6 9 4 20 2 20 3 10 
Leptoc;y1inclrus sp. 50 3 10 10 10 10 7 5 2 
....... 
Table 91, Phytoplankton counts, major species, 12-3~73 (No. :per ml) 
Channel Stations Inshore Stations 
Surface Bottom Surface Mid Bottom 
1 2 ~ 4 1 2 3 4 5 6 I 6 2 6 
Depth (m) 1 1 1 1 21 17 1.4 18 1 1 0 -5 8 10 
Chl. B: (f.!.g/1) 3·50 1.82 1.80 2.19 4.98 3.84 4.56 3.17 1.65 2.03 2.45 2.49 3.84 3.33 
Crypto:pbyta 
Chroomonas s:p. 1 (16f.!.) 290 120 250 290 26o 100 100 10 230 350 26o 310 4o 
Chroomonas s:p. 2 ( 8f.!.) 330 120 100 270 210 260 210 4o 160 140 10 230 
5f.!. Cryptopbytes 56o 420 250 770 260 100 50 50 470 540 310 700 200 
8f.!. Chi1omcnas sp. 4o 20 6o 20 50 6o 100 
Chlorophyta 
E:(ramimonas sp. 6o 6o 60 120 100 6o 
Pyrropbyta ... 
Katodinium rotundatum 270 6o 290 140 260 210 50 10 230 120 40 6o ~ N 
Peridinium triquetrum 1 1 3 10 8 3 1 1 
Prorocentru'1 micans 1 1 1 1 1 1 1 1 
ProrocentrUJ:l minimum 1 1 1 1 1 
Bacillariophyta 
Cyc1otel1a sp. 1 (10f.!.) 20 40 4o 410 
Ske1etonema costatum 200 230 140 160 68o 280 160 6o 6o 170 340 180 210 200 
Tha1assioria sp. 1 (10f.!.) 10 26o 100 50 
Thalassiorca sp. 2 (l5f.!.) 70 50 10 J.O 210 10 60 4 50 30 
Tha1assior.'a sp. 3 (30-40f.!.) 20 5 3 2 30 20 30 10 4 3 7 7 6 10 
Chaetocere;.; sp. 1 ( 5f.l) 90 70 40 120 80 270 80 6o 70 30 
Chaetocerc.s sp. 2 (10f.!.) 20 30 20 310 10 5 10 2 6o 2 
Chaetocerc . ..: sp. 3 ( 5QJ.) 8 10 2 8 8 10 4 2 3 6 3 6 1,1 10 
Rhizoso1er-~a fragi1issima 20 4 2 1 20 40 10 1 1 2 1 5 2 10 
Ceratau1iYlE'. -pe1agica 1 10 3 1 1 1 
Asterione1-, a japonica 90 llO 6o 50 240 240 150 100 20 30 30 6o 60 80 
Nitzschia sp. 8 7 3 7 30 10 10 20 2 Lf 8 3 2 4 
!iitzschia 1.)ngissima 1 l 1 1 3 3 4 4 1 1 1 1 4 3 
Table 92. Phyto·plankton counts, major species, 1-15-74 (No. per ml) 
Channel Stations Inshore Stations 
Surface Bottom Surface Mid Bottom 
1 2 3 4 1 2 3 4 6 6 2 6 
Depth (m) 1 1 1 1 20 20 12 20 1 1 
·5 5 10 10 
Chl. ~ (f.l.g/1) 3.00 3·71 3.80 4.05 11.90 4.77 4.60 4.35 4.09 4.14 3·97 2.83 5·15 4.77 
Cyanophyta 
Gomohos12haeria sp. 250 250 660 160 1140 620 1350 250 210 250 100 
Cryptophyta 
Chroomonas sp. 1 (1~) 270 500 430 170 210 100 26o 230 230 320 120 210 210 
Chroomonas sp. 2 ( 8f.l.) 190 230 170 250 30 100 190 140 50 80 50 310 
5 iJ. Cryptophyte 190 210 100 120 210 100 
Chi1omonas sp. 4o 4o 4o 6o 
..... 
Chlorophyta v;l ..., 
Pyramimona;:; sp. 6o 20 80 100 60 100 20 
Pyrrophyta 
Katodiniur.; rotundatu111 1570 2440 2500 2440 3000 1660 1350 2570 186o 1400 1240 1610 1140 
Prorocentrvm minimum 80 70 80 40 6 30 20 80 6o 20 6o 2 20 
Peridiniw~ triquetrum 10 50 50 4o 2 1 2 20 50 10 20 1 2 
DiEloEsalis sp. 20 1 1 1 
Bac il1arioph;_·ta 
460 86o 64o Ske1etone~.:. costatum 720 68o 480 1350 830 850 1240 460 470 270 
Tha1assios; l'a sp. (10!--L) 460 430 1lf.O 120 80 260 410 310 290 520 250 620 16o 
Chaet oc eros sp . (5iJ.) 160 540 580 2500 620 550 140 470 250 320 550 
Rhizoso1ehia fragi1issima 5 5 10 7 6o 70 30 3 3 20 10 20 30 
Rhizoso1en"o. de1icatu1a 2 
Ceratau1ina 12e1agica 1 l 6 3 2 10 1 2 1 
Le12toc~lindrus sp. 6o 100 40 20 210 180 50 1 2 30 2 6 20 
Asterionelc.a ja12onica 50 40 50 30 240 230 80 20 20 4o 40 130 8o 
Nitzschia ;:,;). 30 50 4o 20 350 240 230 20 20 20 4o 80 6o 
nitzschia 1<Jngissima 1 l 1 4 1 1 30 2 3 4 
Thalassior,e;::.a sp. 6 4 
~···~ 
Table 93. Phytoplankton counts, major species, 2-12-74 (No. per ml) 
Channel Stations Inshore Stations • Surface Bottom Surface Mid Bottom 
1 2 3 4 1 2 3 4 2 6 I 6 2 6 
Depth 1 1 1 1 20 18 16 26 1 1 1 -5- 8 10 
Chl. ~ (J..lg/1) 3·63 4.35 2.57 9.88 6.58 5.61 13.00 11.39 8.61 6.71 3·76 4.26 6.12 
Cyanophyta 
Gom£hOS£haeria sp. 500 310 970 790 420 420 166o 1870 330 290 160 950 210 
Cryptophyta 
Chroomonas sp. 1 (16f.l) 210 230 100 230 310 230 100 80 140 190 6 40 100 
Chroomonas sp. 2 ( 8J..l) 120 120 120 100 30 80 80 
5J..l Cryptophyte 190 so So 210 100 210 310 100 210 So 410 
Chilomonas sp. 20 20. 40 100 20 20 
Chlorophyta 




"" Katodinium rotundatum 100 4o 6o 14o 520 100 100 6o 6o 30 60 
Prorocentrurn minimum 30 20 10 30 1 1 6 1 20 10 30 5 10 
Peridinium triquetrum 720 810 1390 950 30 170 30 30 1220 S90 590 510 60 
Di£1£Qsalis sp. 20 40 50 30 20 20 20 10 60 50 10 5 
Baci11ariophyta 
C;:t:c1ote11a sp. 1 (10f.J.) 130 so 230 100 1S6o l04o 166o 650 210 170 520 170 50 
C;:t:c1<0tella &P· 2 ( 5f.J.) 120 210 350 So 620 410 270 250 2).:0 46o 100 
Skeletonema costatum 4So 5SO 210 410 1070 1S70 2690 1550 190 520 44o 46o 1270 
Thalassiosira sp. (10f.l) 290 290 6o 120 930 230 1760 930 120 190 620 2SO 1760 
Chaetocerc;; sp. ( 5J..l) 350 410 230 100 1S6o 1040 166o 650 120 390 310 460 930 
Rhiz osolenia fragilissima 5 10 1 1 2 4 4 10 5 5 6 7 30 
Rhizosolen~a de1icatu1a 2 1 2 1 20 10 10 10 1 3 5 
Rhizoso1eni.a Stolterfothii 10 10 10 5 5 
Ceratau1irJ~'· pe1agica 1 2 4 1 1 
Leetoc;:t:1inJ.r~ls sp. 5 1 50 30 30 50 
AsterioneL8. jaoonica 220 llO 90 So 930 900 1S70 1050 130 120 170 100 330 
llitzschia ~;·:1icatissima 70 so 30 20 50 160 6o So 40 4o 50 4o 190 
Ili tzschia ·, ungiss ima 30 10 10 20 1 30 
Nitzschia caradoxa 20 6 
.!!,·-·· .. 
Table 94. Phytoplankton counts, major species, 3-15-74 (No. per inl) 
• 
Channel Stations Inshore Stations 
Surface Bottom Surface Mid Bottom 
1 2 3 4 1 2 3 4 6 _§__ 5 6 
Depth (m) 1 1 1 1 20 24 16 22 1 1 
·5 5 9 10 
Chl. ~ (1-Lg/1) 1.94 9·03 12.91 6.63 10.21 10.63 11.65 9.28 9.28 3.08 6.16 4.6o 12.58 5·78 
Cyanophyta 
n6o Go!!!J2hos Qhaeria s·p. 1590 1530 1320 500 6210 1350 1660 8690 970 580 3310 4550 476o 
Cryptophyta 
Chroomonas sp. 1 (1~) 150 500 230 330 930 520 26o 230 210 350 130 90 100 210 
Chroomonas sp. 2 ( 8!-L) 100 6o 100 170 100 100 40 100 30 
5 Cryptophyte 310 350 100 230 210 100 210 120 140 120 520 
Chilomonas sp. 6o 60 20 100 100 40 20 40 100 
Chlorophyta ,..... 
"' Pyramimonas sp. 80 100 170 100 40 VI 
Pyrrophyta 
Katodiniur~. rotunda tum 120 66o 520 480 260 100 210 210 190 210 16o 10 50 
Prorocentrurn minimum 30 20 8o 6o 6 6 50 6o 70 10 30 20 
Peridiniur1 triquetrum 50 890 13)0 660 180 140 50 230 810 120 680 220 440 7 
Di]21q~salis sp. 10 20 6o 10 4o 20 2 5 
Bacil1ariophyta 
Cyc1otella sp. 1 (101-L) 230 4o 170 20 186o 96o 310 550 170 6o 520 120 210 520 
C;rc1otella sp. 2 ( 51-L) 160 16o 80 6o 210 410 720 520 290 80 100 180 210 210 
Ske1etoner"a costatum 10 210 4o 990 1340 410 1040 120 720 930 
Tha1assiosora sp. 1 (101-L) 310 520 310 
Thalassios ira sp. 2 (151-L) 620 30 10Q 
Chaetoceros sp. ( 51-L) 6o 930 
Rhizoso1enia fragilis sima 1 2 1 2 570 110 90 100 1 1 4 2 70 20 
Rhizoso1enia delicatula 6 1 9 20 1 
Cerataulina pe1agica 1 360 90 100 50 1 3 1 20 2 
LeQtoc;rliLdrus sp. 4 4 3 20 130 260 30 130 6 1 6 30 260 4o 
Astericne: ... a ,jaoonica 4 3 2 3 100 100 40 lJO .3 1 7 6 10 10 
!'litzschia :op. 3 3 3 9 160 190 230 140 6 4 5 9 140 90 
Eug1enophyta 
Eutre12tia ;>p. 3 2 2() 4 6 10 3 J. 1 1 6 
•···~ 
Table 95. Pbyt9pla.nkton counts, major species, 4-11-74 (No. per ml) 
Channel Stations Inshore Stations 
Surface Bottom Surface Mid Bottom • 
1 2 3 4 l 2 3 4 6 _6_ 2 6 
Depth (m) 1 1 1 1 19 18 18 18 1 1 0 5 8 10 
Chl. _!!.. (!-lg/1) 2.49 6.71 9.28 8.02 8.52 8.06 6.71 9·71 4.77 4.90 3.84 4.39 5·70 3.29 
Cyanophyta 
Gomphosphaeria sp. 540 370 170 350 4140 2170 3830 310 410 190 460 480 2070 1450 
Cryptophyta 
Chroomonas sp. 1 (161-l) 80 80 40 60 4o 520 130 100 6o 4o 60 
Chroomonas sp. 2 ( 81-l) 140 80 20 20 100 100 190 120 80 60 
5 Cryptophyte 120 140 140 100 520 930 720 310 8o 120 100 60 210 210 
Chilomonas sp. 60 100 20 6o 100 100 6o 4o 20 60 
Chlorophyta 
Pyramimonas sp. 40 6o 20 100 100 190 120 4o ,... 
\CI 
Pyrrophyta Cl\ 
Katodinium rotundatum 6o 1~(0 230 100 100 210 410 60 6o 80 40 50 
Prorocentrum minimum 130 870 870 440 130 210 140 100 300 64o 210 6oo 50 
Peridiniu~ triquetrum 5 230 560 320 3 30 6 6 240 200 6o 90 1 1 
Peridiniw~ trichoideum 40 40 5 20 
Bacillariopb;_rta 
Cyclotella sp. 1 (101-l) 140 120 100 100 1450 1860 1660 520 40 120 410 210 650 140 
Cyclotella sp. 2 ( 51-l) 190 210 720 410 
Skeletonema costaturn 2 210 20 50 520 6o lUO 10 60 10 40 
Tha1assiosira sp. 1 (101-l) 390 1Lf0 210 210 210 100 210 4o 100 100 120 
Thalassiosira sp. 2 (201-l) 5 2 2 6 20 30 4 1 1 1 2 20 4 
Tha1assios~.ra sp. 3 (301-l) 3 5 5 4 8 8 20 7 1 3 1 7 8 8 
Rhizosoler,' a fragilissima 1 2 2 
Cerataulina pelagica 1 1 4 240 120 40 7 
Leptocylindrus sp. 1 8 50 10 7 2 160 
Asterionella ,japonica 3 10 8 50 50 220 60 40 1 4 1 2 20 10 
Nitzschia sp. 30 50 30 20 720 440 350 so 2 6 20 40 140 130 




Table 96. Surface and Bottom Retransformed (antilog ln (1f/ml + 1)) 
Mean Cell Counts, 
Date Species 
4-73 Prorocentrum mintmum 
Peridinium triquetrum 
Rhizoso1enia fragilisstma 
6-73 Nitzschia sp. 




8-73 G1enodinium sp. 
Cochlodinium sp. 
Prorocentrum micans 
9-73 Prorocentrum micans 
Polykrikos sp. 
10-73 Skeletonema costatum 
Rhizosolenia fragilissima 
11-73 Katodinium rotundatum 
Skeletonema costatum 
12-73 Peridinium triquetrum 
Asterionella japonica 
Nitzschia sp. 
1-74 Peridinium triquetrum 
Rhizosolenia fragilissima 
Nitzschia sp. 








4-74 Nitzschia sp. 
* Significant at a = .OS 










































































1363 5.07 * 
21 3.19 * 
113 3.53 ,~ 
87 4.52 * 
0 23.8 ~~* 
3 s. 70 ~~ 
2 7~33 ** 44 - 11.1 "';'("';~ 
0 5.12 ~~ 
0 . 4. 92 ·k 
0 4.66 ..,~ 
1 17.1 -;'(-;'( 
·o 14.8 -lc* 
61 7.05 * 
6 4.37 * 
0 6.28 -Jc 
9 4.06 
"'" 
0 3.21 * 
173 - 12.8 *""j" 
17 4.48 i'< 
3 15.8 *ic 
51 6.63 * 
269 10.8 ** 
3 3. 78 'l~ 
48 6.04 ** 
1701 3.86 * 
1133 6. 73 *-l~ 
868 3.34 * 
155 8.21 ""i':i'c 
81 20.8 
'"''* 118 - 11.3 "'i'<"i'< 
308 6.11 *";'c 
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than at all other stations except station 7. Station 7 was lower in total 
species numbers, total cell numbers, to~al dinoflagellates, and total crypto-
phytes than the surface waters at all other stations. These conclusions agree 
closely with the ANOVA results for surface chlorophyll ~' which showed station 
7 to be lower than all other stations except station 1. 
Before concluding that the low phytoplankton counts for station 7, relative 
to counts for surface samples from the other stations, mean that the river water 
passing through the power plant con1ensers suffered a loss of phytoplankton, 
one other possible explanation should be considered. If the water flowing 
through the condensers was not actually surface river water, but was represen-
tative of a deeper layer, lower flagellate counts would be expected, because 
of the vertical distribution already described (Table 96)o To identify the 
depths of origin of the station 7 water on each sampling date in study year 
2, the station 7 salinity was compared with the salinities measured at the 
surface, mid-depth and bottom of station 6 (Table 97). These comparisons 
showed that on 7 of the 13 dates the station 7 salinity was closest to the 
mid-depth salinity at station 6, on 3 dates it w~s closest to the bottom salinity, 
and on only 3 dates it was closest to the surface salinity. Taking these 
results into account, paired-t tests were performed on 7 parameters to 
compare, first of all, the station 7 values with the station 6 surface values, 
I 
and second the station 7 values with the station 6 values from the depths 
whose salinities agreed most closely with the station 7 salinities (Table 98). 
For 5 of the 7 parameters the station 7 values were significantly different 
from the station 6 surface values. In all cases the differences disappeared 
when the station 7 values were compared with the station 6 values from the most 
appropriate depths. For the 2 parameters that showed no significant difference 
in either case, the t value comparing station 7 with the most appropriate 
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Table 97. Comparison of Sta. 7 and Sta. 6 Salinity 
Date Salinity 
7S 6S 6M 6B 
4-73 15ol0 15.23 15.62 15.86 
5-73 15.05 14.65 15.25 16o37 
6-73 16.13 15.47 15.98 16.11 
7-73 17.92 17.94 17.96 17.96 
8-73 20.37 20.22 20.25 20.27 
9-73 18.74 18.59 18.63 18.88 
10-73 18.63 17.48 18.43 18.62 
11-73 19o20 18.52 21.68 22.74 
12-73 21.02 20.87 21.14 2lo62 
1-74 15.47 14.65 15.72 17.28 
2-74 15o93 15.63 15.74 18.25 
3-74 15.64 14.94 16.35 17.91 
4-74 14.39 13.17 15.02 16.51 
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Table 98. Paired-t Tests, Sta. 7 and Sta. 6 Samples 
Parameter 
Alk 




ln Total cells 
ln Total Dinoflagellates 
ln Total Cyrptophytes 
ln Total Diatoms 
* Significant at a = .05 
** Significant at a= .01 
Sta. 7 vs 








Stao 7 vs Sta. 6, 








Negative sign means bottom values higher than surface 
I 
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depth at station 6 was smaller than the t comparing station 7 with the surface 
at station 6. It appears, therefore, that the conclusior1 that phytoplankton 
was lost from the water passing through the condensers is incorrect, based on 
the available data. Actually the water was drawn from an intermediate depth 
which was poorer in plankton than the surface waters at stations 1-6. 
Qualitatively, the species composition varied little from station to 
station, if only the major species are considered. On several dates (October, 
November, December 1973; March, April 1974) more species were found at 
station 1 than at the other stations, but these were presumably representatives 
of the Chesapeake Bay community, and were present in small numbers. Scattered 
individuals of several genera of predominantly freshwater green algae (Scene-
desmus, Ankistrodesmus, Crucigenia, Pediastrum) were found in a majority of 
the samples, but they were not more frequently present at upstream than at 
downstream stations. The freshwater bluegreen species Anacystis cyanea, 
which is the major nuisance bloom former in the upper tidal Potomac and 
James Rivers, was seen only once, in an extra sample taken from VIMS pier 
on August 24, 1973. 
At station 7 one species, Nitzschia longissima, was more abundant than 
at any other station on five dates (June, July, August, September 1973; January 
1974), suggesting that it was living somewhere in the power plant discharge 
canal, either as part of the benthos or the periphyton. 
Red Water Blooms 
One difficulty in determining the spatial distribution of phytoplankton 
from a limited number of samples is the tendency for most species to occur in 
patches. This is especially true of the motile dinoflagellates, which frequently 
formed dense patches of "red water" in the spring and stmlliler of 1973. Examples 
of this type of distribution can be seen in Table 83 (Prorocentrum minimum, 
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Peridinium triquetrum), Table 84 (Prorocentrum minimum), Table 85 (Katodinium 
rotundatum), Table 86 (Glenodinium sp.), and Table 88 (Prorocentrum micans). 
In these cases the different samples were obtained from widely spaced stations. 
On one date, July 2, 1973, two samples were taken at the same station, station 
4, one sample within a red water patch and the other immediately outside it. 
The cell counts showed that all the flagellate species present were many times 
more abundant within the patch, while the major diatom species were more abundant 
outside (Table 99)0 Neither sample by itself could be considered representative 
of the station, while the mean of the two samples would not represent reality. 
The most dense red water bloom observed in the phase II study occurred in 
late August 1973. In a surface sample taken from VIMS pier the dominant 
organism, Cochlodinium sp., was present at a concentration of 65,200 cells/ml 
(Table 100). 
Cell Counts and Chlorophyll a 
The patchy distribution of dinoflagellates was frequently reflected in 
the distribution of surface chlorophyll ~· Correlation analyses employing 
log transfonned chlorophyll and dinoflagellate cell count date yielded signifi-
cant coefficients for 6 of the 13 sampling dates in study year 2 (Table 101). 
In contrast, cell counts for cryptophytes and diatoms correlated significantly 
with chlorophyll levels on only 2 dates and 1 date, respectively. 
I 
Temporal Patterns 
Major Species Groups 
The temporal distributions of the three major phytoplankton species 
groups, averaged over stations 1-4 for the second study year, are plotted in 
Figs. 36 and 37. The surface average for dinoflagellates oscillated the most 
from month to month, as dominant red water bloom formers succeeded one another. 
The main cryptophyte peak occurred in late surmner, while during most of the year 
Table 99. 
Cryptophyta 
Chroomonas sp. 1 (16 ~) 












Cyclotella sp. 1 (10 ~ ) 





Supplementary Phytoplankton Counts 
7-2-73 (No. per ml) 
Station 4 - Surface 

















Table 100. Supplementary Phytoplankton Counts 
Cryptophyta 







8-24-73 (No. per ml) 








Table 101. Correlation Between Cell Counts and 
Chlorophyll~ Levels, Stao 1-7, Surface Samples 
Date Total Dinoflagellates 
VS Chl. a 
4-73 .682 
5-73 • 829 -1( 
6-73 .739 
7-73 • 848 '~ 
8-73 .866 * 






3-74 0 979 '~* 
4-74 • 913 *"~( 
* Significant at a = o05 
-Id( Significant at a = oOl 
Total Cryptophytes 














· Total Diatoms 




























-'o LLLLI O::z 2000 ~a:: 













































,......., / " 
...... / " 
--·-
M J J A s 0 N D 
• • • • 1973 
\ -·- .... 
·-





J F M A 
• 1974 






7000 I I , I 
, I r\ 
6500 , I I \ , 
I , I 
6000 , I I , I I I I I 5500 , 
I I I e 5000 I BOTTOM/I I 
'0- I \ z , I 
z 4500 I I I 
'It <t I I I 
...!. w 4000 I I I :::!: <i I I 
1- I \ (/) ~ 3500 I • 
(/) I \ 
:::!: c 3000 I 
' 
\ 
-0 I I \ ~ 0 I \ w 2500 I I 0 • ::!E I I 
a: I I 
_J 0 2000 I <t u. I 
1- (/) I 0 z 
1- <t 1500 a: 
.-SURFACE 1-
w 1000 a: 
500 
0 A M J J A J F M A 
• •• •• • • •• 1973 1974 
Figure 37. Temporal distribution of diatoms. 
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the surface means were within the relatively narrow range of 400-1700 cells 
per ml. Bottom means for both of these flagellate groups remained low and 
relatively stable throughout the year. The bottom dinoflagellate peak in 
May 1973 was in the late stages of a bloom of Prorocentrum minimum, when the 
cells were apparently sinking and dying (Table 84). 
Diatoms peaked in the spring, late summer and winter. The surface and 
bottom patterns were very similar. 
Selected Species 
Plots of mean counts for some of the most important species are presented 
in Figs. 38-40. The succession of dominant dinoflagellates is clearly evident 
in Fig. 38. 
The top species, Katodinium rotundatum,was present in surface samples 
in all the months of the second study year except September. Most of the 
species, however, were more restricted in the seasonal distribution. Prorocen-
trum minimum and Peridinium triquetrum preferred the colder months, and were 
essentially absent in the summer and fall. The others appeared for short periods 
in the summer and were absent for the remainder of the yearo 
The dominant diatom genera in the winter and spring were Skeletonema and 
Cyclotella. These organisms were present in at least low concentrations on 
nearly all of the sampling dates. 
I 
Relation to Nutrient Patterns 
In the discussion of nutrient ratios it was observed that the ratios of 
inorganic N: total P were relatively low, suggesting that N was more likely 
than P to have exerted a controlling influence on phytoplankton growth. 
Correlation analysis revealed a significant negative relationship between total 
inorganic N concentrations and the total dinoflagellate cell counts for surface 
samples, averaged over stations 1-4, for study year 2 (Fig. 41). A seasonal 
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Figure 41. Temporal distributions of dinoflagellates 
and inorganic N. 
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plot shows that the greatest reduction in inorganic N levels occurred in 
surface waters during the 1973 spring bloom of Prorocent!:!!!!. minimum (April 
and May), the summer bloom of Glenodinium sp., and the spring 1974 bloom of 
Peridinium triquetrum and ~atodinium rotundatum. In the preceding·year red 
water blooms were not as prevalent and surface inorganic N did not reach as 
low levelsas it did in 1973. Even at their lowest, the inorganic N levels 
measured did not fall below 2~g-at/l, so were unlikely to hav~ been growth 
limiting. Nitrogen stress could have occurred in dense patches of rapidly 
growing dinoflagellate populations, but these conditions were not measured in 
the study. 
Relation to Other Studies 
In the phase I report (Jordan, 1972) phytoplankton data from a number 
of previous studies of the York River were assembled, dominant species were 
designated, and seasonal distribution patterns were described. Most of the 
organisms found to be dominant in the present study had lJeen important members 
of the phytoplankton community in the previous studies. Cryptophytes, which 
were present on all sampling dates and frequently outnumbered all other 
flagellates, had been found in abundance in the studies which encompassed the 
nannoplankton. The dominant dinoflagellates had all appeared consistently in 
the lower river. The importance of Skeletonema costatum in the diatom community 
I 
has been documented in almost every plankton study undertaken in the York River. 
The eyclotella species that were consistently abundant in the present study 
had been observed in previous work, but not as major components of the 
community. This was probably due in part to the small sizes of the cells 
(5-10 ~diameter), which made them difficult to sample with nets and difficult 
to identify and count in whole water samples. In a study conducted by Manzi 
(1973) employing an inverted microscope counting method similar to ours, two 
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species of Cyclotella were found in significant numbers in the lower York River 
over the one year study period (September 1971-September 1972). 
The overall range of abundance of total cells found in the present 
study, except under extreme bloom conditions, was 103-lo4 per ml. This 





Tables 102 and 103 present the zooplankton data collected in study years 
1 and 2. Acartia tonsa was the most frequently encountered copepod species-
present in all months at all stations. Acartia clausi was found in all 
except one month in study year 1, while in study year 2 it was found only 
in the early spring and fall. In previous studies ~· clausi was found 
only in the winter and spring (Burrell, 1972), so the second year pattern in 
the present study is more typical for this species. 
Cyclopoid copepods were found more frequently in study year 2, while 
harpacticoids were more important in year 1. Rotifers were present in almost 
all samples, as were polychaete larvae and barnacle larvae. 
Ctenophores were recorded in only a few samples, but this was more because 
they were not effectively preserved by formalin than because they were missed 
by the sampling net. 
Table 102. Summary of dominant zooplankton organisms, lower York River, Study Year 1 
1972 1973 




Acartia tonsa X* X X X X X X X X X X X 
Acartia clausi 3* X 3 X X X 1,3 2 X X 1,2,3 
Euryt emo;::asp:- 1,2,4 1,2 
Cyclopoida 3 3 1 X X X 
Harpacticoida X X X X 1,3,4 l 
Cladocera 
Podon sp. 2 1 1 
Rot if era X X 1,3 X 1,4 3,4 X X X X X 
Ctenophora 
Mw~miOJ2Sis leidyi 3 4 1" X 
Tintinnida Seen in most phytoplankton samples 
N 
Mer oplank ton 1-' 0\ 
Polychaeta 
Polydora lign( (larvae) X X 2 
Polydora sp. larvae) 1,3,4 X X X X X X 1,4 X 1,2,3 
Pectinaria gouldii (larvae) l 2,3,4 1,2 l 
Pectinaria sp. (larvae) 1,3 
Nereid nectochaete larvae X 1 3 1,4 
Tunicate larvae 2 4 1,2,3 1,2,3 
Pelecypod larvae 2,3 1,2,3 2,3 X 2,3 X 
Gastropod larvae 2,3 3,4 1 1,2 
Baruwle larvae X X X X 2,3,4 X X X X X 1 X 
Deca.pod larvae 1,4 3 4 2 
* Appearance at 1 to 3 stations is indicated by listing the station numbers. Appearance at all 
4 stations is indicated by x. 
Table 103, Summary of dominant zooplankton organisms, lower York River, Study Year 2 
1973 1974 




Acartia tonsa X X X X X X X X X X X X X 
A cart i a claus i 1,2 1,2 1,2, 4 X 
Eurytemora sp. 5 
Cyclopoida X X 1,3 X X X X X 2-5 5 1-3,6 X X 
Harpacticoida 6 5 l 5 
Cladocera 
Podon sp. X 1 1,2,6 1,2 l 2 X 
Rot if era X 1-6 2, 5, 6 1 l 2-5 X X X 3-6 X 
Ctenophora 
6 3,6 Hnemiop_sis leid.yi X 2,5 




Pol;zdora sp. X X 
Pol;zdora sp. (larvae) X X X X X X X X 1-5 X X 
Pectinaria gouldii (larvae) 2,6 2 1 5 
Eereid nectochaete larvae 1,3,5,7 1,3,4,5 1,2,4 3 4 
Tunicate larvae 5, 6 5 4-6 2 ,5 1,3,4 2, 4, 6 
Pelecypod larva 6 1,3 1 5 
Gastropod larvae 2 2,4,6 l-5 1,4 
Barnacle larvae X 1,3, 5, 6 X X 1,3-6 X 1,3-6 X 1,2,4,6 X X X 
Decapod larvae 3, 5 1,4,5 1-4,6 2-6 1-3,5,6 1 
?horonid actinotroch larvae 1-3,6 3,6 1 
i1ydrozca 
llemo-ps is bachei 2, 4, 5 
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Heavy Metals in Shellfish 
Tables 104-106 present the concentrations of copper, cadmium, and zinc 
measured in the oystersand clams incubated at the VIMS and VEPCO stations. An 
analysis of variance was performed on each set of data (initial, VIMS and 
VEPCO results for one metal), and Student-Neuman-Keul's test was used to 
identify the significant differences. 
No significant differences were found for oysters in the winter of 1972-
1973 (Table 104). The corresponding batch of clams lost cadmium at both the 
VIMS and the VEPCO stations. 
The oysters that remained at the VIMS pier station showed significant 
losses of copper and cadmium by:-January 1974 (Table 105). Zinc concentrations 
showed an increase in June 1973, but dropped back to initial levels by January 
1974o 
In the winter-spring 1974 period (Table 106), oysters gained all three 
metals at both stations. Increases in cadmium and zinc concentrations were 
similar at the two stations, but the increase in copper concentration at the 
VEPCO station was significantly greater than the increase at the VIMS station. 
Copper concentrations in clams increased significantly only at the VEPCO station. 
The last two results imply that during this incubation period there was a 
sourc~ of copper in the vicinity of the VEPCO station that was not affecting 
the VIMS stationo 
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Table 104. Heavy Metals in Shellfish 
Lower York River 1973 
Oysters (Crassostrea virginica) · 
Cu (ppm) Cd (ppm) Zn (ppm) 
Initial VIMS VEPCO Initial VIMS VEPCO Initial VIMS VEPCO 
14.15 17-56 19.21 .52 . 51 .51 372.2 354.9 429.5 
26.07 20.66 24.44 .60 .38 . 51 548.2 446.5 421.0 
18.07 24.48 11.95 ·57 . 48 .30 484.2 557.1 260.1 
11.54 19·96 24.56 .43 .28 
,...,. 
• 00 282.9 48o.8 496.4 
20.77 6.30 19·97 . 63 .34 .21 538.8 121.4 370.9 
17 ·50 13.20 19.92 . 48 .50 .46 356.2 288.7 4o2.6 
19.61 12.18 12.32 . 6o .30 .34 362.8 194.0 257.2 
18.77 20.86 25.05 . 44 ·59 .22 483 ·9 509.4 421.3 
18.65 18.23 28.10 .68 .67 .50 428.3 391.7 543.6 
12.36 16.22 21.65 .35 ·37 .31 241.1 386.3 777·9 
x 17.75 16.96 20.72 . 53 .44 .40 409·9 373.1 438.0 
s 4.27 5.24 5.31 .10 .13 .15 104.4 138.6 149.4 
Clams (Mercenaria mercenaria) 
Cu (ppm) Cd (ppm) Zn (ppm) 
Initial VIMS VEPCO Initial VIMS VEPCO Initial VIMS VEPCO 
3.91 1.50 2.18 .17 .02 .oo 11.74 21.7 27.7 
2.28 l.93 l.45 .13 .oo .12 16.99 15-3 19-1 
2.25 1.66 1. 78 .11 .oo .15 17 ·53 12.0 31.5 
2.02 1.42 1.60 .17 .07 .oo 7·78 18.2 22.3 
2.08 1.70 ·99 .16 .02 .09 ll.03 18.2 8.7 
2.08 1.66 1.63 .ll .oo .oo 15.09 17·3 13.0 
1.46 1.03 2.11 .16 .09 .oo 12.46 11.3 10.7 
2.14 1.48 2.10 .08 .05 .oo 12.31 14.6 13.0 
3.13 1.63 2.20 .21 .oo .o6 13.04 17.6 16.6 
1.13 2.43 3.22 ·37 .o4 .oo 13.51 18.8 9.4 
X 2.25 1.64 1.93 .17 ·03 .04 13.15 16.50 17.20 




** Significant difference at a = .01 
Initial samples analyzed November 30, 1972 
Final VIMS and VEPCO samples taken February 12, 1973 
' "'• 
Table 105. Heavy Metals in Oysters (Crassostrea virginica) 
VIMS Pier 1972 - 1974 
Cu (p-pm) Cd (ppm) Zn (ppm) 
11-30-72 2-12-73 6-22-73 l-17-74 11-30-72 2-12-73 6-22-73 1-17-74 11-30-72 2-12-73 6-22-73 1-17-74 
14.15 17.56 14.2 7.36 .52 .51 .41 .36 372.2 354.9 525.3 485 
26.07 20.66 19.8 4.63 .60 .38 .44 .28 548.2 446.5 596.2 250 
18.07 24.48 24.1 12.31 ·57 .48 .51 ·50 484.2 557.1 784.3 677 
11.54 19.96 16.6 4.66 .43 .28 ·58 ·37 282.9 48o.8 601.9 206 
20.77 6.30 6.9 5.68 .63 .34 . 53 .30 538.8 121.4 282.9 294 
17.50 13.20 25.1 5·76 .48 .50 .51 ·39 356.2 288.7 637.1 300 
19.61 12.18 19.2 6.20 .60 .30 .46 .34 362.8 194.0 622.9 310 
18.77 20.86 16.5 4.45 .44 ·59 .83 ·35 483·9 509.4 539·3 206 
18.65 18.23 25.3 9.10 .68 .67 .47 .25 428.3 391.7 731.9 496 
12.36 16.22 28.3 3·93 .35 ·37 .64 .31 241.1 386.3 920.7 118 N N 
0 
x 17.75 16.96 19.6 6.4 . 53 .44 ·54 ·35 409·9 373.1 624.2 334 
s .4.27 5.24 6.39 2.59 .10 .13 .12 .07 104.4 138.6 170.0 169 
I l It I *"~'~ i~"'J'( "](-/( 
** I 
*";'( 'i'~-/t; -;'~1< 
";'~";'( 
** Significant difference at a = .01 
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Table 106. Heavy Metals in Shellfish 
Lower York River 1974 
Oysters (Crassostrea virginica) 
Cu (:ppm) Cd (ppm) Zn (ppm) 
Initial VIMS VEPCO Initial VIMS VEPCO Initial VIMS VEPCO 
3.00 15.0 19·3 .19 .45 . 56 85 234 257 
10.70 16.8 18.2 .20 .54 .66 312 328 314 
10.31 15.7 27.2 . 59 ·52 .61 269 351 352 
8.64 8.4. 27·3 .25 -70 .63 196 200 305 
10.87 15.9 19.4 ·51 .64 ·57 255 302 266 
6.03 6.1 4o.o .47 .72 .so 141 198 552 
13.75 21.4 25·3 .40 .So 1.16 271 434 223 
7.88 13·9 28.4 ·39 .86 .83 150 401 418 
9·92 10.4 27.2 . 52 .50 ·55 297 292 543 
7.12 13.9 16.8 ·54 ·55 ·72 197 318 428 
x 8.82 13.8 24.9 .41 .63 ·71 217 306 366 
s 3.00 4.42 6.90 ·15 .14 .19 75 79 116 





-1:* ;"(;'\ */::;"( 
Clams (Mercenaria mercenaria) 
Cu (ppm) Cd (ppm) Zn (ppm) 
Initial VIMS VEPCO Initial VIMS VEPCO Initial VIMS VEPCO 
1.40 2.14 1.98 .16 .27 .o8 8.53 28 .. 9 13.1 
1.41 1.45 2.35 .08 .15 .13 12.59 12.3 17.4 
l-55 l-73 2.9l .o6 .o6 .05 8.4l 35.8 l5.4 
1.81 1.51 3. 73 .15 .27 .02 37.18 16.0 36·7 
1.92 1.54 1.50 .23 .17 .12 31.86 16.0 23.0 
1.31 1.44 2.44 .18 .08 .14 16.46 9·8 18.3 
2.20 1.84 1.41 .30 .16 .07 36.96 11.8 8.7 
1.42 1.81 2.34 .12 .19 .21 18.88 34.1 10.1 
2.15 1.10 1.35 .11 .n .18 20.32 10.2 10.8 
1.44 1.70 3.43 .09 .16 .12 11.67 12.1 20.4 
x 1.66 1.63 2.34 .15 .16 .11 20.3 18.7 17.4 




* Significant difference at a = .05 
** Significant difference at a = .01 
Initial samples analyzed January 22, 1974 
Final VIMS and V.BFCO samples taken April 19,1974 
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VIMS pier water temperature records 
In the phase I report (Jordanl972),York River water temperature 
data recorded by a continuous monitor located on the VIMS tide gauge 
pier during the period July 1957 through June 1971 were summarized in a 
series of tables and figures. Table 107 in the present report is a 
continuation of Table 1 in the phase I report, and includes monthly mean 
water temperatures (K)and standard deviations (s), as well as maximum 
and minimum monthly temperatures and maximum dail)r temperature ranges 
for the period July 1971 through April 1974. Following the procedure 
used for the phase I report, daily mean temperatures were calculated 
from the daily maximum and minimum temperatures stored in the VIMS 
data bank. The monthly means and standard deviations were calculated 
from the daily means. 
In Fig. 42, the 1971-74 monthly means are plotted, + two standard 
deviations, in comparison with the overall monthly means for the 1953-
71 period. It is evident from these graphs that the water temperatures 
in the winter of 1973-74 (December through March) were unusually high, 
relative to those of the preceding twenty winters. January mean water 
temperatures in 1972 and 1973 were also relatively high. Mean temperatures 
I 
for the other months in 1971-74 were close to the overall 1953-71 means. 
Table 108, which supplements Table 2 in the phase I report, consists 
of frequency distributions of daily mean temperatures for each month of 
record from July 1971 through April 1974. The generally high winter 
1974 temperatures stand out distinctly. Table 109, similar to Table 3 
in the phase I report, presents frequency distributions of temperatures 
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Table 107 
York River Water Temperatures Recorded 
At VIMS Pier 
(o C) 
Year 1972 '73 '74 
- 6.72 7.84 Jan X 5·52 
s :1_.40 1.38 1.16 
max 10.0 9.1 11.6 
min 2.8 2.9 5·4 
max range 2.3 2.8 3·3 
Feb x 4.50 5.14 7·43 
s ·78 1.17 1.27 
max 6.7 8.1 12.2 
min 2.2 2.5 4.8 
max range 2.3 2.6 4.4 
Mar X 8.14 8.70 9.82 
s 1.08 1.48 .83 
max 11.1 12.6 13.2 
min 4.4 5·3 6.6 
max range 4.4 3.6 3·3 
Apr x 12.17 12.79 14.16 
s 2.39 2.12 1.59 
max 17.2 18.2 19·5 
min 8.3 8.8 9·6 
max range 3·3 4.8 4.1 
Year 1971 '72 'rr 
Hay X 17·90 18.33 
s 1.14 1.38 
max 21.1 22.5 
min 15.6 14.9 
max range 3·9 4.2 
Jun X 21.29 24.15 
s 1.28 l.ll 
max 24.4 26.6 
min 17.8 20.4 
max range 3·9 4.2 
Jul - 26.72 26.68 X 
s .54 .62 
max 29.0 29.1 
min 24.2 24.0 
max range 3.4 3.2 
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Table 107( cont 'd) 
Year 1971 '72 '73 
Aug X 27.12 27.50 
s .68 
·95 
max 30.3 31.2 
min 23.6 25.2 
max range 5·2 3.6 
Sep X 25.88 26.20 
s 1.30 1.63 
max 28.3 29.8 
min 23.0 23.8 
max range 2.3 2.2 
Oct X 21.13 18.37 20.71 
s 1.12 2.62 2.15 
max 24.0 23.1 24.8 
min 19.2 15.0 16.4 
max range 2.2 1.7 2.0 
Nov X" 15.17 12.73 13 ·33 
s 3.43 2.38 1.67 
max 22.5 16.5 17.8 
min 9·7 8.7 10.5 
max range 4.4 1.7 2.3 
Dec X. 8.11 8.32 8.93 
s .80 1.35 2.47 
max 10.5 11.0 14.1 
min 6.1 5·9 3.8 
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Figure 42. VIMS pier water temperatures; 








Frequency of Occurrence of Daily Mean Temperatures 
Recorded in the York River at VIMS Pier 
Temp . Year 1972 1973 1974 . 
Interval 
. oc 
Jan 1 3 
4-5 2 8 
5-6 9 13 
6-7 6 1 8 
7-8 4 3 8 
8-9 8 '< 10 
9-10 1 2 
10-11 3 
N 31 31 31 
Feb 2-3 1 
3"-4 7 3 
4-5 10 11 
5-6 11 7 2 
6-7 5 10 




N 29 28 28 
Mar 6-7 8 4 
7-8 5 7 1 
8-9 11 2 3 
9-10 6 9 13 
10-11 1 5 11 
11-12 1 3 
N 31 28 31 
Apr 8-9 1 
9-10 6 
10-11 6 7 1 
11-12 2 7 1 
12-13 2 3 5 
13-14 2 3 7 
14-15 8 3 7 
15-16 2 5 7 
16-17 1 2 
17-18 2 
N 30 30 30 
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Table 10a:: continued) 
Temp Year 1972 1973 1974 
Interval 
~c 
May 16-17 9 4 
17-18 8 8 
18-19 8 9 
19-20 4 5 
20-21 2 3 
21-22 l 
N 31 30 
June 18-19 2 
19-20 2 
20-21 7 
21-22 11 1 
22-23 4 3 
23-24 4 10 
24-25 7 
25-26 9 
N 30 30 
Temp Year 1971 1972 1973 
Interval 
oc 
Jul 25-26 2 5 
26-27 21 16 
27-28 8 9 
28-29 1 
N 31 31 
Aug 25-26 l 
26-27 12 8 
27-28 11 14 
28-29 4 6 
29-30 1 
30-31 1 
N 27 31 
Sep 23-24 3 
24-25 5 10 
25-26 2 7 
26-27 13 4 
27-28 5 1 
28-29 8 
N 28 30 
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Table J08( continued) 
Temp Year 1971 1972 1973 
Interval 
( 0 c) 
Oct 15-16 ll 
16-17 2 
17-18 l 2 
18-19 2 10 
19-20 3 6 2 
20-21 12 2 
21-22 7 5 6 
22-23 6 2 6 
23-24 l 5 
N 29 31 31 
Nov 9-10 7 
I 10-ll 4 l 
ll-12 3 3 8 
l2-l3 l 4 8 
13-14 2 5 
14-15 2 7 4 
15-16 8 4 l 






N 29 28 30 
Dec 5-6 4 
6-7 3 7 3 
7-8 5 8 8 
8-9 12 4 2 
9-10 1 8 4 




N 22 31 31 
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greater than or equal to 25°C for the summer months of 1971-1973. The 
frequency distributionsfor the 1953-1971 period are included for compari-
son. Temperatures did not reach 25°C in June 1972, while temperatures 
were not recorded in July-September of that year. 
Finally, Table 110 compares VIMS pier daily mean temperatures 
with temperatures measured on the same dates at sampling station 4 (see 
Fig. 1) during plankton and water quality sampling runs. The two sets 
of data agree very closely, implying that the calibration of the VIMS 
pier unit was maintained throughout the two year study period. 
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Table 109 
High Temperature Extremes : ~umber of Days 
On Which Temperatures~ 25 C Were · 
Recorded at Vims Pier 
Temp Year 1971 1972 1973 L: % of 1953-71 
Interval Total days % of 
{o c} Total da;'jCs 
Jun 25-26 19 19 31.67 39·32 




Jul 25-26 19 * 20 39 62.90 75·95 26-27 31 * 30 61 98·39 79·58 27-28 24 * 26 50 80.65 47.33 28-29 8 * 10 18 29.03 24.24 29-30 1 * 2 3 4.84 6.30 30-31 1.53 
Aug 25-26 7 * 6 13 22.41 68.94 26-27 24 * 17 41 70.69 71.99 27-28 24 * 27 51 87 ·93 47.58 28-29 14 * 18 32 55.17 21.36 29-30 3 * 9 12 20.69 6.28 30-31 1 * 4. 5 8.62 2.51 31-32 .36 
Sep 25-26 13 * 19 32 55·17 37.33 26-27 19 * 7 26 44.83 21.56 27-28 17 * 8 25 43.10 10.98 28-29 4 * 9 13 22.41 6.79 29-30 * 7 7 12.07 2.59 30-31 .60 
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Sampling Schedule 
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The sampling dates and times and the predicted times of low slack 
tide at Yorktown during the third study year (May-December, 1974) appear 
in Table 111. 
Vertical Depth Profiles 
The vertical series of temperature, salinity, and dissolved oxygen 
data, along with the derived values of density, % sea water, and %D.O. 
saturation are presented in Table 112-119. The vertical profiles of 
density and % D. 0. Saturation are plotted in Figures 43-50. 
Vertical stability values were calculated for stations 1-4 for 
each sampling date (Table 120). As for the 23 months tested previously 
(Table 31), the station 4 stabilities were significantly lower than 
those at the other stations. Comparisons of vertical stabilities at 
stations 5, 6, and 3 (Table 121) did not reveal significant differences 
among these stations. On two of the sampling dates, July 10 and August 
9, water was upwelling from the diffuser discharge at station 6, r€sulting 
in markedly reduced stability values relative to stations 5 and 3. 
The surface temperature at station 7 was higher than at all other 
stations on all dates except August 9, which was a few days after the Unit 
I 
3 boiler imploded. 
Dissolved oxygen stratification was strongest on July 10, with 
• bottom concentrations below 1 mg/1 at two stations and below 2 mg/1 at all 
stations except 6 and 7. A special, intensive dissolved oxygen monitoring 
study conducted between May and October, 1974 (Jordan, 1974) revealed four 
periods of strong D.O. stratification and low deep water concentrations 
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Table 111. Sampling dates and times for water quality and plankton 
May - December 1974 
TUlliS 
Date Arrival at Low Slack Arrival at 
Station 1 at Yorktown Station 4 
May 13 1000 (EDT) 1142 (EDT) 1222 (EDT) 
Jun. 10 0920 (EDT) 1005 (EDT) 1217 (EDT) 
Jul. 10 0922 (EDT) 1003 (EDT) 1325 (EDT) 
Aug. 9 0926 (EDT) 1004 (EDT) 1230 (EDT) 
Sep. 10 1045 (EDT) 1236 (EDT) 1345 (EDT) 
Oct. 10 1112 (EDT) 1326 (EDT) 1503 (EDT) 
Nov. 11 0955 (EST) 1058 (EST) 1215 (EST) 
Dec. 5 0930 (EST) 0932 (EST) 1210 (EST) 
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Table 112 
Vertical Depth Profiles 5-13-74 
Station Depth Temp. Sal. Density %Sea D.O. % D.O. 
(m) (oc) %o (g/cm3) Water (mg/1) Sat. 'n 
1 0 17.2 17.23 1.01194 49.2 7.96 91.8 
2 17.9 17.24 1.01180 49.3 7.82 91.5 
4 17.7 17.26 1.01187 49.3 7.52 87.6 
6 17.6 17.29 1.01191 49.4 7.48 87.1 
8 16.8 19.27 1.01358 55.1 6.53 75.5 
10 16.0 23.19 1.01674 66.3 6.05 70.3 
12 15.9 23.79 1.01722 68.0 6.13 71.4 
14 15.9 24.06 1.01742 68.7 5.93 69.2 
16 15.9 24.16 1.01750 69.0 5.87 68.5 
18 15.6 24.26 1.01763 69.3 5.67 65.9 
20 15.6 24.33 1.01769 69.5 5.63 65.5 
2 0 18.0 17.28 1.01181 49.4 7.48 87.5 
2 17.9 17.28 1.01183 49.4 7.34 85.7 
4 17.7 17.30 1.01190 49.4 7.22 84.1 
6 17.4 17.42 1.01205 49.8 6.83 79.1 
8 17.0 18.72 1.01312 53.5 6.27 72.6 
10 16.0 20.61 . 1.01477 58.9 5.85 71.7 
12 15.8 22.13 1.01597 63.2 5.55 63.9 
14 15.8 22.53 1.01627 64.4 5.63 65.0 
16 15.5 23.06 1.01674 65.9 5.25 60.5 
18 15.4 23.44 1.01705 67.0 5.67 65.3 
3 0 18.1 17.02 1.01159 48.6 7.32 85.8 
2 18.0 17.03 1.01162 48.7 7.32 85.6 
4 17.9 17.08 1.01168 48.8 6.92 80.8 
6 17.7 17.22 1.01184 49.2 6.86 79.9 
8 17.7 17.51 1.01206 50.0 6.84 79.7 
10 16.5 19.42 1.01376 55.5 5.67 65.3 
12 16.2 20.51 1.01465 58.6 5.55 63.9 
14 16.0 21.62 1.01554 61.8 5.67 65.4 
16 15.8 23.35 1.01690 66.7 
18 15.5 23.42 1.01702 66.9 5.63 65.0 
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Table 112 (continued) 
Vertical Depth Profiles 5-13-74 
Station Depth Temp. S~l. Density % Sat. D. 0. % D.O. (m) (oc) (g/cm3) Water· (mg/1) Sat. 'n 
4 0 18.1 16.73 1.01137 47.8 7.44 87.0 
2 18.0 17.34 1.01185 49.5 
4 17.9 17.78 1.01221 50.8 7.22 84.6 
6 17.4 18.11 1.01257 51.7 6.65 77 o3 
8 17.1 18.38 1.01284 52.5 6.19 71.7 
10 17.0 18.76 1.01315 53.6 5.97 69.2 
12 17.0 18.90 1.01326 54.0 5.77 66.8 
14 17.0 19.19 1. 01348 54.8 5.61 65.1 
16 16.8 19.42 1.01369 55.5 5.57 64.5 
18 16.4 19.54 1.01387 55.8 5.49 63.1 
20 16.2 19.91 1.01419 56.9 5.37 61.8 
22 16.0 21.27 1.01527 60.8 5.45 62.8 
5 0 18.0 16.56 1.01126 47.3 7.44 86.8 
2 18.0 16.56 1.01126 47.3 7.32 85.4 
4 18.0 16.56 1.01126 47.3 7.32 85.4 
6 17.9 16.57 1.01129 47.3 7.32 85.3 
8 17.5 17.18 1.01184 49.1 7.18 83.2 
10 17.0 18.58 1.01301 53.1 6.21 71.8 
6 0 18.0 16.82 1.01146 48.1 7.42 86.6 
2 18.0 16.83 1.01147 48.1 7.42 86.6 
4 17.5 16.93 1.01165 48.4 7.14 82.7 
6 17.5 17.03 1.01172 48.7 6. 77 78.4 
8 17.4 17.09 1.01180 48.S 7.10 82.1 
10 17.4 17.29 1.01195 49.4 6.84 79.2 
7 1 20.8 17.11 1.01105 48.9 8.30 102.9 
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Table 113 
Vertical Depth Profiles 6-10-74 
Station Depth Temp. Sal. Density %Sea D. O. c% D.O. 
(m) (OC) (%o) (g/cm3) Water (mg/1) Sat. 'n 
1 0 23.8 16.47 1.00980 47.1 8.41 109.6 
1 23.7 16.53 1.00986 47.2 8.33 108.4 
2 23.6 16.51 1.00988 47.2 8.27 107.4 
4 23.2 16.58 1.01003 47.4 7.67 98.9 
6 23.0 16.63 1.01012 47.5 6.91 88.8 
8 22.6 16.74 1.01030 47.8 6.21 79.3 
10 22.6 16.83 1.01037 48.1 5.93 76.1 
12 22.6 16.96 1.01047 48.5 5.41 69.1 
14 21.5 19.95 1.01302 57.0 2.74 34.9 
16 21.7 20.68 1.01351 59.1 2.64 33.8 
18 21.5 22.21 1.01472 63.5 2.74 35.3 
20 21.7 22.28 1.01472 63.7 2.78 35.9 
2 0 24.2 16.42 1.00964 46.9 8.65 105.7 
1 24.1 16.55 1.00977 47.3 8.75 114.7 
2 24.0 16.57 1.00980 47.3 8.53 111.6 
4 23.8 16.62 1.00991 47.5 7.85 102.3 
6 23.5 16.66 1.01001 47.6 7.27 94.2 
8 22.7 16.73 1.01028 47.8 6.13 78.4 
10 22.4 16.88 1.01057 48.2 5.67 64.5 
12 22.0 17.53 1.01106 50.1 4.72 60.3 
14 21.7 18.19 1.01163 52.0 3.98 50.5 
16 21.0 19.61 1.01288 56.0 2.78 35.0 
17 21.2 19.64 1.01285 56.1 2.74 34.6 
3 0 24.0 16.28 1.00959 46.5 7.41 96.8 
1 23.8 16.26 1.00964 46.5 7.29 94.9 
2 23.4 16.38 1.00983 46.8 6.95 89.9 
4 23.2 16.57 1.01003 q.7 .3 6. 71 86.5 
6 23.0 16.79 1.01024 48.0 6.03 77.6 
8 22.8 16.79 1.01029 48.0 5.63 72.2 
10 22.6 16.84 1.01038 48.1 5.47 69.9 
12 22.4 17.12 1.01065 48.9 4.40 56.1 
14 21.5 19.13 1.01240 54.7 
16 21.5 19.22 1.01247 54o9 2.60 33.0 
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Table 113 (continued) 
Vertical Depth Profiles 6-10-71+ 
Station Depth Temp. Sal. Density %Sea· D. 0. % D. 0. 
(m) co c) C%o) (g/cm3) Water (mg/1) Sat. 'n 
4 0 24.6 15.43 1.00880 44.1 7.59 99.9 
1 23.9 15.99 1.00940 45.7 7.21 93.8 
2 23.1 16.18 1.00976 46.2 6.33 81.3 
4 23.0 16.37 1.00993 46.8 6.01 77.1 
6 22.9 16.50 1. 01005 47.1 6.01 77.1 
8 22.7 16.60 1.01018 47.4 6.01 76.8 
10 22.6 16.67 1.01025 47.6 5.69 72.7 
12 22.5 16.71 1.01032 47.7 5.51 70.3 
14 22.4 16.77 1.01038 47.9 5.53 70.4 
16 22.4 16.89 1.01047 48.3 5.59 71.1 
18 22.3 16.82 1.01045 48.1 5.41 68.9 
20 22.3 16.94 1.01054 48.4 5.27 67.0 
22 22.3 16.78 1.01042 47.9 5.41 68.9 
24 22.2 16.92 1.01055 48.3 4.96 63.0 
26 22.3 17.04 1.01062 48.7 4.92 62.6 
5 0 24.3 15.87 1.00921 45.3 7.57 99.2 
1 23.8 15.97 1. 00942 45.6 7.51 97.5 
2 23.3 16.42 1.00989 46.9 6.51 84.1 
4 23.0 16.48 1.01001 47.1 5.99 76.9 
6 23.0 16.54 1.01005 47.3 5.81 74.6 
8 22.9 16.72 1.01022 47.8 5.41 69.5 
10 22.4 16.92 1.01050 48.3 4.90 62.5 
6 0 24.1 16.15 1.00947 46.1 7.81 102.2 
1 24.0 16.26 1. 00957 46.5 7.85 102.5 
2 23.7 16.12 1.00955 46.1 7.57 98.3 
4 23.5 16.29 1.00973 46.5 6.97 90.2 
6 23.2 16.52 1.00999 47.2 6.81 87.8 
8 23.3 16.54 1.00998 47.3 6.57 84.9 
10 23.1 16.58 1.01006 47.4 6.31 81.2 
11 23.1 16.57 1.01006 47.3 6.13 78.9 
7 .5 26.0 16.37 1.00910 46.8 7.51 102.1 
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Table 114 
Vertical Dep:h Profiles 7-10-74 
Station Depth Temp. Sal. Density % Sea D. o .. % D. 0. 
(m) (Oc) (%o) (g/cm3) Water (mg/1) Sat. 'n 
1 0 26.9 19.35 1.01107 55.3 6.97 98.0 
1 26.7 19.41 1.01116 55.5 7.29 102.1 
2 26.6 19.39 1.01118 55.4 6.91 96.5 
4 25.5 19.33 1.01146 55.2 6.85 93.7 
6 24.0 19.95 .1.01234 57.0 5.56 74.1 
8 24.0 21.35 1.01339 61.0 1. 66 22.3 
10 23.5 22.40 1.01432 64.0 1.23 16.5 
12 23.4 22.49 1.01442 64.3 1.13 15.1 
14 23.4 22.65 1.01454 64.7 1.11 14.9 
16 23.4 22.62 1.01452 64.6 1.05 14.1 
18 23.3 22.76 1.01464 65.0 0.81 10.8 
20 23.3 22.92 1.01476 65.5 0.73 9.8 
2 0 27.1 19.28 1.01095 55.1 6.85 95.1 
1 26.8 19.26 1.01102 55.0 5.86 81.0 
2 26.5 19.35 1.01118 55.3 6.02 82.7 
4 26.3 19.50 1.01136 55.7 
6 25.8 19.63 1.01160 56.1 5.05 69.6 
8 25.1 20.45 1.01241 58.4 3.49 47.6 
10 24.1 21.46 1.01346 61.3 1.33 17.9 
12 24.0 21.68 1.01364 61.9 1.76 23.7 
14 23.6 21.80 1.01384 62.3 1.31 17.5 
16 23.5 22.31 1.01426 63.7 1.27 17.0 
18 23.8 21.89 1.01386 62.5 1.54 20.7 
20 23.2 22.79 1.01470 65.1 0.91 12.1 
22 23.2 22.67 1.01461 64.8 1.01 13.5 
24 23.1 22.57 1.01456 64.5 0.95 12.6 
3 0 27.9 18.33 1.01000 52.4 6.87 96.4 
1 27.1 19.00 1.01074 54.3 6.38 88.6 
2 26.9 19.39 1.01110 55.4 5.78 81.2 
4 26.2 19.87 1.01166 56.8 4.51 62.8 
6 25.5 20.28 1.01218 57.9 3.47 47.7 
8 24.2 20.48 1.01269 58.5 3.01 40.4 
10 24.0 21.28 1.01334 60.8 1.92 25.8 
12 23.8 22.06 1.01399 63.1 1.31 17.6 
14 23.5 22.59 1.01447 64.5 1.09 14.6 
16 23.5 22.62 1.01449 64.6 1.09 14.6 










































Table 114 (continued) 
Vertical Depth Profiles 7-10-74 
Temp. Sal. Density %Sea 
(OC) %o (g/cm3) Water 
27.3 18.79 1.01053 53.7 
27.2 18.89 1.01063 54.0 
27.1 18.83 1.01062 53.8 
26.2 19.81 1.01162 56.6 
25.8 20.22 1.01203 57.8 
25.8 20.17 1.01200 57.6 
25.3 20.23 1.01219 5.7. 8 
25.0 20.45 1. 01244 58.4 
24.9 20.54 1.01254 58.7 
24.8 20.73 1.01271 59.2 
24.1 21.29 1.01333 60.8 
24.0 21.39 1.01342 61.1 
24.0 21.78 1.01372 62.2 
24.0 21.93 L01383 62.7 
23.8 21.92 1.01388 62.6 
26.9 19.07 1.01086 ·54.5 
26.8 18.98 L01081 54.0 
26.1 19.14 1.01114 54.7 
26.0 19.68 1.01158 56.2 
25.2 20.08 1.01210 57.4 
24.1 21.28 1.01332 60.8 
27.0 19.16 1.01090 54.7 
26.8 19.91 1.01151 56.9 
26.5 19.97 1.01165 57.1 
26.5 19.85 1.01156 56.7 
26.2 20.09 1.01182 57.4 
26.0 20.36 1.01208 58.2 
25.0 20.88 1.01276 59.7 
24.5 20.92 1.01293 59.8 
27.0 19.66 1.01127 56.2 
27.0 19.55 1.01119 55.9 
27.0 19.71 1.01131 56.3 
26.9 19.89 1.01147 56.8 
26.2 19.75 1.01157 56.4 
25.5 20.48 1.01232 58.5 
24.8 20.85 1.01280 59.6 
24.8 20.91 1.01284 59.7 
33.0 18.72 53.5 
D.O. % D.O. 









































Vertical Depth Profiles 8-9-74 
Station Depth Temp. Sal. DensijY %Sea D.O. % D. 0. 
(m) (Oc) (%o) (g/cm ) Water (mg/1) Sat. 'n 
1 0 26.0 20.40 1.01211 58.3 6.16 85.6 
1 25.9 20.53 1.01224 58.7 6.12 84.8 
2 25.8 20.33 1.01212 58.1 5.86 81.1 
4 25.7 20.69 1.01242 59.1 5.48 75.8 
6 25.7 20.77 L01248 59.3 5.26 72.8 
8 25.6 20.62 1.01239 58.9 5.26 72.6 
10 25.4 20.93 1.01269 59.8 4.80 66.1 
12 25.4 20.90 1.01266 59.7 4.40 60.6 
14 25.5 21.13 1.01281 60.4 4.34 59.9 
16 25.5 21.15 1.01282 60.4 4.18 57.7 
18 25.5 21.09 1.01278 60.3 4.04 55.8 
19 25.3 21.25 1.01296 60.7 4.10 56.4 
2 0 26.1 20.35 1.01204 58.1 6.08 84.6 
1 26.0 20.35 1.01207 58.1 5.78 80.3 
2 26.0 20.54 1.01221 58.7 5.46 76.0 
4 26.0 20.55 1.01222 58.7 4.70 65.4 
6 26.0 20.65 1.01230 59.0 4.40 61.2 
8 25.9 20.76 1.01241 59.3 4.36 60.6 
10 25.9 20.77 1.01242 59.3 4.42 61.5 
12 35.7 20.98 1.01263 59.9 4.36 60.4 
14 25.7 20.97 1.01263 59.9 4.18 57.9 
16 25.5 21.12 1.01280 60.3 3.96 54.7 
18 25.5 21.10 1.01278 60.3 3.92 54.1 
20 25.6 20.86 1.01257 59.6 3.90 53.8 
22 25.6 21.18 1.01281 60.5 3.86 53.4 
3 0 26.0 20.00 1.01181 57.1 6.26 86.8 
1 26.0 20.06 1.01185 57.3 6.14 85.1 
2 25.8 20.15 1.01198 57.6 5.86 80.9 
4 25.8 20.40 L01217 58.3 4.90 67.8 
6 25.8 20.58 1.01230 58.8 4.34 60.0 
8 25.7 20.81 1.01251 59.5 3o98 55ol 
10 25.6 20.87 1.01258 59.6 3.90 54.0 
12 25.6 20.84 1.01256 59.5 3.84 53.1 
14 25.5 21.01 1.01272 60.0 3.82 52.7 
16 25.5 21.14 1.01282 60.4 3.58 49.4 
18 25.3 21.13 1.01287 60.4 3.58 49.2 
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Table 115 (continued) 
Vertical Depth Profiles 8-9-7L~ 
Station Depth Temp. Sal. Density o/o Sea D. 0. o/o D. 0. 
(m) (Oc) (%o) (g/cm3) Water (mg/1) Sat. 'n 
4 0 26.1 19.09 1.01110 54.5 6.84 94.4 
1 26.0 19.09 1.01113 54.5 6.68 92.0 
2 26.0 -19.58 1.01150 55.9 6.14 84.9 
4 25.9 19.71 1.01163 56.3 5.58 77.0 
6 25.9 19.92 1.01179 56.9 4.84 67.0 
8 26.0 20.41 1.01212 58.3 4.42 61.4 
10 26.0 20.41 1.01212 58.3 4.00 55.6 
12 26.0 20.23 1.01198 57.8 4.10 56.9 
14 26.0 20.38 1.01209 58.2 4.06 56.4 
16 26.0 20.44 1.01214 58.4 4.06 56.4 
18 25.9 20.36 1.01211 58.2 3.90 54.1 
20 25.8 20.77 1.01245 59.3 3.84 53.2 
22 25.8 20.73 1.01242 59.2 3.82 53.0 
24 25.7 20.54 1.01230 58.7 3.78 52.3 
25 25.7 20.57 1.01233 58.8 3.82 52.8 
5 0 26.1 18.95 1.01100 54.1 7.86 108.5 
1 26.0 19.42 1.01138 55.5 7.24 100.0 
2 25.9 19.60 1.01155 56.0 6.42 88.6 
4 25.7 19.87 1.01181 56.8 5.66 78.0 
6 25.6 19.91 1.01186 56.9 5.00 68.8 
8 25.6 20.15 1.01204 57.6 4.64 63.8 
10 25.6 20.24 1.01211 57.8 4.60 63.4 
6 0 25.9 20.27 1.01204 57.9 5.48 76.0 
1 25.6 20.19 1.01207 57.7 5.62 77.3 
2 26.0 20.04 1.01184 57.3 5.36 74.3 
4 26.0 20.24 1.01199 57.8 5.30 73.6 
6 26.0 20.35 1.01207 58.1 5.32 73.9 
8 25.8 20.21 1.01203 57.7 5.50 76.1 
10 25.7 20.23 1.01207 57.8 5.56 76.8 
11 25.7 20.07 1. 01195 57.3 5.12 70.6 
7 1 26.5 19.87 1.01158 56.8 5.48 76.6 
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Table 116 
Vertical Depth Profiles 9-10-74 
Station Depth Temp. Sal. Density %Sea D. 0. %D. 0. 
(m) (oc) (%o) (g/cm3) Water (mg/1) Sat. 'n 
1 0 24.7 19.26 1.01164 55.0 8.10 109.0 
1 23.8 19o34 1.01195 55.3 7.98 105.6 
2 23.8 19.54 1.01210 55.8 7.16 94.9 
4 23.7 19.80 1.01231 56.6 6.08 80.6 
6 23.5 20.03 1.01254 57.2 5.98 79.1 
8 23.5 20.50 1.01290 58.6 5.30 70.3 
JO 23.3 20.73 1.01312 59.2 5.55 73.3 
12 23.1 20.81 1.01324 59.5 5.51 72.8 
14 23.0 21.06 1.01345 60.2 5.22 68.8 
16 23.2 21.27 1.01356 60.8 4.92 65.1 
18 23.2 21.23 1.01352 60.7 4.92 65.1 
20 23.2 21.34 1.01361 61.0 5.02 66.4 
2 0 24.8 18.84 1.01129 53.8 8.67 116.7 
1 23.6 19.08 1.01180 54.5 7.95 104.6 
2 23.3 19.20 1.01198 54.9 7.24 94.9 
4 23.4 19.78 1.01239 56.5 5.42 71.5 
6 23.2 20.12 1.01269 57.5 5.26 69.2 
8 23.0 20.68 1.01316 59.1 5.00 65.7 
10 23.1 21.17 1.01351 60.5 4.79 63.4 
12 23.0 21.30 1.01363 60.9 4.73 62.4 
14 23.0 21.25 1.01359 60.7 4.79 63.1 
16 23.2 21.34 1.01361 61.0 4.77 63.1 
18 23.2 21.45 1.01369 61.3 4.73 62.7 
20 23.2 21.47 1.01371 61.3 4.71 62.4 
22 23.3 21.36 1.01359 61.0 4.71 62.4 
3 0 24.0 17.21 1.01028 49.2 8.57 112.8 
1 23.2 17.78 1.01094 50.8 7.42 96.4 
2 23o0 18.43 1.01148 52.7 6.32 82.1 
4 23.2 18.95 1.01182 54.1 5.79 75.6 
6 23.2 19.91 1.01254 56.9 5.06 66.5 
8 23.1 19.67 1.01239 56.2 5.10 66.7 
10 23.1 21.00 1.01338 60.0 4.59 60.5 
12 23.1 20.92 1.01332 59.8 4.63 61.0 
14 23.1 21.24 1.01356 60.7 4.65 61.4 
16 23.1 21.20 1.01353 60.6 4.69 61.8 
'18 23.2 21.39 1.01365 61.1 4.51 59.8 
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Table 116 (continued) 
Vertical Depth Profiles 9-10-74 
Station Depth Temp. Sal. Density %Sea D. O. %D. 0. 
(m) <oc) (%o) (g/cm3) Water (mg/1) Sat. 'n 
4 0 24.5 16.66 1.00974 47.6 8.38 110.9 
1 23.7 16.86 1.01011 48.2 8.46 110.3 
2 23.5 19.08 1.01182 54.5 5.24 68.9 
4 23.4 19.64 1.01228 56.1 4. 71 62.0 
6 23.5 20.22 1.01269 57.8 4.47 59.1 
8 23.4 20.30 1.01278 58.0 4.47 59.0 
.10 23.4 20.77 1.01313 59.3 4.28 56.6 
12 23.4 20.77 1.01313 59.3 4.26 56.4 
14 23.5 20.85 1.01316 59.6 4.24 56.3 
16 23.4 20.95 1.01326 59.9 4.28 56.7 
18 23.5 21.10 1.01335 60.3 4.26 56.6 
20 23.3 21.04 1.01335 60.1 4.28 56.6 
22 23.2 21.20 1.01350 60.6 4.14 54.7 
24 23.0 21.09 1.01347 60.3 4.30 57.6 
26 22.9 21.20 1.01358 60.6 4.41 57.9 
5 0 24.4 16.64 1.00976 47.5 9.52 125.5 
1 24.1 16.75 1.00992 47.9 9.59 126.2 
2 23.7 17.49 1.01058 50.0 8.04 105.2 
4 23.7 19.76 1.01228 56.5 6.26 83.0 
6 23.7 20.09 1.01254 57.4 4.79 63.5 
8 23.7 20.15 1.01258 57.6 4.65 61.6 
10 23.7 20.39 1.01276 58.3 4.02 53.5 
6 0 23.9 17.36 1.01043 49.6 8.59 112.8 
1 23.4 17.56 1.01072 50.2 8.28 107.9 
2 23.3 17.81 1.01094 50.9 7.98 103.8 
4 23.3 18.94 1.01179 54.1 5.94 77.7 
6 23.5 20.41 1.01283 58.3 3.63 48.0 
8 23.3 20.52 1.01296 58.6 4.67 61.6 
10 23.3 20.64 1.01305 59.0 4.38 57.8 
11 23.3 20.76 1.01314 59.3 4.55 60.1 
7 1 26.6 18.46 1.01049 52.7 11.52 160.3 
244 
Table 117 
Vertical Depth Profiles 10-10-74 
Station Depth Temp. Sal. Density %Sea D. 0. % D. 0. 
(m) co c) (%o) (g/cm3) Water (m.g/1) Sat. 'n 
1 0 17.60 20.72 1.01452 59.2 8.26 97.8 
1 17.60 20.74 1.01453 59.3 8.28 98.0 
2 17.42 20.74 1.01457 59.3 8.16 96.4 
4 17.38 20.88 1.01468 59.7 7.85 92.7 
6 17.40 21.03 1.01479 60.1 7.79 92.0 
8 17.38 21.22 1.01494 60.6 7.29 86.3 
10 17.30 21.29 1.01501 60.8 7.19 84.9 
12 17.33 21.58 1.01522 61.7 7.47 88.4 
14 17.53 22.31 1.01574 63.7 6.77 80.8 
16 17.60 22.82 1.01611 65.2 6.38 76.4 
18 17.76 23.56 1.01664 67.3 6.43 77.6 
20 17.78 23.81 1.01683 68.0 6.36 76.9 
21 17.82 24.08 1.01702 68.8 6.28 76.1 
2 0 18.01 20.73 1.01443 59.2 7.92 94.5 
1 18.00 20.56 1.01431 58.7 7.83 93.4 
2 17.89 20.52 1.01431 58.6 7.75 92.3 
4 17.59 20.78 1.01456 59.4 
6 17.52 20.75 1.01455 . 59.3 7.09 83.9 
8 17.58 20.77 1.01456 59.3 6.95 82.2 
10 17.42 21.20 1.01491 60.6 7.01 83.0 
12 17.44 21.47 1.01512 61.3 7.11 84.3 
14 17.40 21.66 1.01527 61.9 7.03 83.4 
16 17.58 22.51 1.01588 64.3 6.32 75.5 
18 17.60 22.97 1.01623 65.6 6.04 72.3 
20 17.64 22.78 1.01607 65.1 5.96 71.4 
22 17.62 23.05 1.01628 65.9 5.96 71.5 
24 17.78 23.20 1.01636 66.3 5o76 69.4 
3 0 18.00 20.53 1.01428 58o7 7.63 91.0 
1 17.91 20.47 1.01426 58.5 7.63 90.8 
2 17.50 20.51 1.01438 58.6 7.23 85.4 
4 17.40 20.64 1.01450 59.0 7.03 82.9 
6 17.47 20.69 1.01452 59.1 7.03 83.0 
8 17.49 20.89 1.01467 59.7 6.95 82.2 
10 17.51 21.03 1.01477 60.1 6.95 82.4 
12 17.50 21.17 1.01488 60.5 7.03 83.2 
14 17.43 21.49 1.01513 61.4 6.95 82.2 
16 17.40 21.89 1. 01545 62.5 6.65 78.9 
18 17.60 22.71 1.01603 64.9 5.94 71.1 
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Table 117 (continued) 
Vertical Depth Profiles 10-10-74 
Station Depth Temp. Sal. Density %Sea D. 0. % D. 0. 
(m) (OC) <%o) (g/cm3) Water (mg/1) Sat. 'n 
4 0 18.00 19.96 1.01384 57.0 7.94 94.3 
1 17.60 20.00 1.01390 57.1 7.55 89.0 
2 17.52 20.12 1.01407 57.5 7.35 86.6 
4 17.50 20.52 1.01439 58.6 6.95 82.1 
6 17.48 20.65 1. 01448 59.0 6.81 80.4 
8 17.50 20.73 1.01455 59.2 6.79 80.2 
10 17.50 20.80 1.01460 59.4 6.81 80.6 
12 17.52 20.98 1.01472 59.9 6.87 81.3 
14 17.56 20.92 1.01467 59.8 6.75 80.0 
16 17.54 21.17 1.01487 60.5 6.73 79.8 
18 17.53 21.06 1.01479 60.2 6. 71 79.6 
20 17.51 21.12 1.01484 60.3 6.59 78.0 
22 17.54 21.16 1.01486 60.5 6.57 77.9 
24 17.58 21.19 1.01487 60.5 6.61 78.4 
25 17.60 21.14 1.01484 60.4 6.55 77.8 
5 0 17.60 20.28 1.01418 57.9 7.55 89.2 
1 17.50 20.22 1.01416 57.8 7.57 89.2 
2 17.41 20.17 1.01414 57.6 7.45 87.6 
4 17.40 20.45 1.01435 58.4 7.51 88.4 
6 17.42 20.47 1.01436 58.5 7.47 88.1 
8 17.45 20.35 1.01427 58.1 7.61 89.7 
6 0 17.79 20.51 1.01431 58.6 7.79 92.6 
1 17.78 20.42 1. 01425 58.3 7.75 92.1 
2 17.60 20.38 1.01426 58.2' 7.65 90.4 
4 17.59 20.39 1.01427 58.3 7.59 89.6 
6 17.50 20.41 1.01430 58.3 7.55 89.2 
8 17.50 20.58 1.01443 58.8 7.47 88.2 
10 17.56 20.44 1.01430 58.4 7.39 87.3 
11 17.59 20.64 1. 01446 59.0 6.22 73.6 
7 1 20.10 20.28 1.01360 57.9 8.02 99.6 
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Table 118 
Vertical Depth Profiles 11-7-74 
Station Depth Temp. Sal. Density % Sea D. 0. % D. 0. 
(m) (OC) (%o) (g/cm3) Water (mg/1) Sat. 'n 
1 0 16.2 21.68 1.01554 61.9 7.43 86.1 
2 16.2 21.75 1.01560 62.1 7.39 85.8 
4 16.2 21.66 1.01553 61.9 7.43 86.1 
6 16.3 21.68 1.01552 61.9 7.37 85.5 
8 16.3 21.70 1.01554 62.0 7.29 84.6 
10 16.4 22.57 1.01618 64.5 7.47 87.4 
12 16.2 23.26 1. 01675 66.5 6.59 77.1 
14 16.2 23.46 1.01690 67.0 6.57 77.0 
16 16.2 23.45 l. 01689 67.0 6.83 79.9 
18 16.2 24.50 1.01769 70.0 
20 16.1 23.63 1.01705 67.5 6.93 81.1 
2 0 16.1 21.67 1.01555 61.9 7.17 82.9 
2 16.2 21.56 1.01545 61.6 7.15 82.7 
4 16.2 21.62 1.01550 61.8 7.15 82.8 
6 16.2 21.59 1.01547 61.7 7.15 82.8 
8 16.2 21.57 1.01546 61.6 7.13 82.6 
10 16.2 21.67 1.01553 61.9 7.13 82.7 
12 16.2 22.20 1.01594 63.4 6.81 79.2 
14 16.2 23.19 1.01669 66.3 6.50 75.9 
16 16.2 23.46 1.01690 67.0 6.48 75.8 
18 16.2 23.80 1.01716 68.0 6.51 76.0 
3 0 16.2 21.35 1.01529 61.0 7.15 82.7 
2 16.1 21.35 1.01531 61.0 6.99 80.7 
4 16.1 21.35 1.01531 61.0 7.13 82.3 
6 16.2 21o38 1.01531 61.1 7.03 81.3 
8 16.2 21.52 1.01542 61.5 7.01 81.2 
10 16.3 21.52 1.01540 61.5 6.97 80.9 
12 16.3 21.72 1.01555 62.1 6.79 78.8 
14 16.3 22.76 1.01635 65.0 6.42 74.9 
16 16.2 23.60 1.01701 67.4 6.40 74.9 
18 16.1 23.74 1.01713 67.8 6.24 73.0 
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Table 118 (continued) 
Vertical Depth Profiles 11-7-74 
Stat.ion Depth Temp. Sal. Density % Sea D. 0. %D. o. 
(m) (Oc) (%o) (g/cm3) Water (mg/1) Sat. 'n 
4 0 16.1 21.13 1.01514 60.4 7.13 82.3 
2 16.1 21.22 1.01521 60.6 7.15 82.5 
4 16.2 21.58 1.01547 61.7 6.63 76.8 
6 16.1 21.72 1.01559 62.1 6.89 79.7 
8 16.1 21.72 1.01559 62.1 6.91 79.9 
10 16.2 21.77 1.01561 62.2 5.84 67.6 
12 16.2 21.82 1.01565 62.3 6.91 80.0 
14 16.2 21.90 1.01571 62.6 6.81 79.0 
16 16.3 21.96 1.01574 62.7 6.91 80.3 
18 16.3 22.43 1.01609 64.1 6.65 77.5 
20 16.3 22.29 1.01599 63.7 5.51 64.2 
22 16.3 22.29 1.01599 63.7 6.65 77.5 
24 16.3 22.35 1.01603 63.9 6.24 72.7 
26 16.3 22.75 1.01634 65.0 6.55 76.5 
5 0 16.0 21.29 1.01529 60.8 5.29 61.0 
2 16.1 21.39 1.01534 61.1 4.96 57.2 
4 16.1 21.11 1.01513 60.3 7.15 82.3 
6 16.0 21.26 1.01526 60.7 6.36 73.4 
8 16.0 21.27 1.01527 60.8 6.99 80.7 
10 15.9 21.29 1.01531 60.8 6. 77 78.0 
6 0 16.2 21.29 1.01524 60.8 4.86 56.3 
2 16.2 21.37 1.01531 61.1 7.11 82.4 
4 16.2 21.40 1.01533 61.1 6.28 72.7 
6 16.2 21.33 1.01527 60.9 6.42 74.4 
8 16.1 21.43 1.01537 61.2 7.07 81.6 
10 16.0 21.33 1.01532 60.9 7.15 82.5 
11 16.0 21.37 1.01535 61.1 7.13 82.3 
7 1 28.3 21.29 1.01207 60.8 6.40 91.8 
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Table 119 
Vertical Depth Profiles 12-5-74 
Station Depth Temp. Sal. Density % Sea D. 0. % D. 0. 
(m) (OC) (%o) (g/cm3) Water (mg/1) Sat. 'n 
1 0 7.52 23.ll 1.01806 66.0 9.21 89.6 
2 7.61 22.98 1.01795 65.7 6.79 66.2 
4 7.70 23.28 1.01817 66.5 7.68 75.3 
6 8.00 23.74 1.01849 67.8 8.03 79.5 
8 8.15 24.62 1.01916 70.3 7.04 70.2 
10 8.21 24.87 1.01935 71.1 8.95 89.9 
12 8.20 24.77 1.01927 70.8 8.40 84.2 
14 8.32 25.45 1.01979 72.7 8.62 86.9 
16 8.65 26.24 1.02036 75.0 7.69 78.3 
18 9.00 26.87 1.02080 76.8 7.68 79.2 
20 9.10 27.20 1.02104 77.7 7.44 76.9 
2 0 7.51 22.85 1.01786 65.3 7.10 69.1 
2 7.53 22.77 1.01779 65.1 7.08 68.9 
4 7.62 23.20 1.01811 66.3 6.20 60.6 
6 7.74 23.90 1.01865 68.3 7.08 69.8 
8 8.21 24.15 1.01879 69.0 6.26 62.4 
10 8.51 24.87 1.01930 71.1 6.63 67.0 
12 8.54 25.08 1.01947 71.7 7.52 76.0 
14 8.61 25.47 1.01976 72.8 7.20 73.0 
16 26.28 1.02025 75.1 6.00 
18 9.01 26.63 1.02061 76.1 5.94 61.2 
20 9.05 26.98 1.02089 77.1 6.47 66.7 
22 9.15 27.20 1.02103 77.7 6.36 65.8 
24 9.19 27.28 1.02109 77.9 6.69 69.3 
3 0 7.37 22.65 1.01771 64.7 7.93 76.6 
2 7.39 22.61 1.01768 64.6 6.63 64.1 
4 7.40 22.86 1.01788 65.3 7.93 77.0 
6 7.78 23.39 1.01825 66.8 7.87 77.3 
8 8.36 24.07 1.01870 68.8 7.54 75.4 
10 8.42 24.44 1.01898 69.8 7.24 72.7 
12 8.91 25.53 1.01977 72.9 6.14 62.7 
14 9.01 26.90 1.02083 76.9 6.26 64.5 
16 9.20 27.09 1.02095 77.4 6.02 62.4 
18 9.24 27.16 1.02099 77.6 5.94 61.6 
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Table 119 (continued) 
Vertical Depth Profiles 12-5--74 
Station Depth Temp. Sal. Density % Sea D. 0. % D. 0. 
(m) (Oc) (%o) (g/cm3) Water (mg/1) Sat. 'n 
4 0 7.53 21.98 1.01717 62.8 6.44 62.4 
2 7.61 23.35 1.01824 66. "1 6.38 62.5 
4 7.95 23.91 1.01864 68.3 6.55 64.9 
6 8.16 24.00 1.01867 68.6 6.49 64.6 
8 8.25 24.23 1.01884 69.2 6.89 68.7 
10 24.60 1.01899 70.3 6.55 
12 8.38 24.50 1.01904 70.0 6.46 64.7 
14 8.40 24.48 1.01902 69.9 6. 71 67.4 
16 8.55 24.99 1.01940 71.4 5.29 53.3 
18 8.60 25.18 1.01954 71.9 6.20 62.9 
20 8.64 25.24 1.01958 72.1 6.14 62.3 
22 8.96 25.70 1.01990 73.4 5.88 60.1 
24 9.19 26.22 1.02027 74.9 6.36 65.4 
26 9.21 26.50 1.02049 75.7 5.65 58.4 
\ 5 0 7.30 22.56 1.01765 64.5 6.22 60.0 
2 7.31 22.52 1.01762 64.3 7.32 70.7 
4 7.32 22.64 1.01771 64.7 6.61 63.9 
6 7.41 22.77 1.01781 65.1 7.32 71.1 
8 7.82 23.46 1.01830 67.0 6.83 67.3 
6 0 7.56 22.39 1.01749 64.0 6. 71 65.1 
2 7.57 22.40 1.01750 64.0 6.36 61.7 
4 7.58 22.48 1.01756 64.2 6.81 66.1 
6 7.60 23.07 1.01802 65.9 7.24 70.8 
8 8.19 23.58 1.01834 67.4 6.81 67.6 
10 8.4-5 24.43 1.01898 69.8 6.67 67.1 
11 8.50 24.54 1.01905 70.1 6.40 64.3 
7 1 13.80 22.68 1.01678 64.8 7.08 78.8 
250 
DENSITY (g/cm 3 ) DENSITY(g/cm 3 ) DENSITY (g/cm3) 
1011 1.013 1015 1.017 1013 1.015 1.017 1.011 1.013 1.015 
0 I I 0 I 
I I I 




4 • 4 • • I I I 
I I 
;:6 
I 6 • 6 • • / E I I / a. 
./ ~ I ~8 I E 8 I 8 /. , I f- / / /' STA. 5 
10 a.. ./ / I w 10 10 
f- 0 I 50 60 70 §0 90 100 
a. 
• D.O.(~o SATJ w 12 12 I DENSITY /cm3 0 I 1.011 1.013 g 1.01 
14 14 r 0 I 
I I 
16 16 • 2 • STA. 3 1 I 
STA. I I E I 18 18 ~4 • 30 40 50 60 70 80 90 100 I I 
D.O.(% SAT) f-
' 
20 0..6 3040 50 60 70 80 90 100 w \ 
D.O.(% SAT) 0 \ DENSITY (g/cm 3 ) 8 • I 
DENSITY (g/cm3 ) 
1.011 1.013 1.015 I 0 I 10 1.011 1.013 1.015 1.017 I 50 60 70 80 90 
0 2 • D.O. l% SAT) I I 
I I 
2 • 4 • I I 
I I 
4 • 6 • I I 
I I KEY 6 • 8 • 
E I I I I ~ 8 • 
~ 10 • • • DENSITY I I E I 
f- I I 
a.. 10 • I 12 • ·---· 
D.O. 
w / f- I 
0 ./ a.. I 12 w 14 I 0 
14 I • 16 I I 
I I 
16 • 18 • STA.2 \ I 
\ I 
18 20 • 30 40 50 60 70 80 90 100 STA.4 I I 
D.O.(% SAT) 22 
40 50 60 70 80 90 
D.O. (%SAT) 















DENSITY (~1/cm ) 
1.008 1.010 1.012 1.014 1.016 
0 
2 , 
4 ./ / 
6 • ' 8 ,/ 







30 40 50 60 70 80 90 100 110 
D.O.(% SAT) 
DENSITY (g/cm3 ) 











•" " ) STA. 2 " t 
184-~~-r-r~~~~-4 
30 40 50 60 7C> 80 90 100 110120 
D.O.(% SAT) 
251 
3 DENSITY (g/cm ) 
1.008 1.010 1.012 1.014 
0 
I 
2 ./ I 
I 
4 • / 
/ 
6 •' I 
E I 
8 J :r: I 
I- I 
fu 10 • / 
0 / / 
12 / 
14 STA. 3 
16 
30 40 50 60 70 80 90 100 
DENSITY(g/cm3 ) D.O(% SAT) 





6 • I 
I 
B • I 
I 
10 • I 
I 
.5 12 • I 
:r: I ~ 14 • I w I 0 16 • I 
I 
18 • I 
I 20 • I 
22 I • I 
I 
24 • I STA.4 
I 
26 
50 60 70 80 90 100 
D.O.(% SAT) 
DENSITY (g/cm3 ) 
1.008 1.010 1.012 
0 
-· E 2 .--I I 
:r: 4 fl I- I a. 




50 60 70 80 90 100 
D.O.(% SAT) 
3 DENSITY (g/cm ) 






E 4 .I I 
:r: I 
I- 6 1 





60 70 80 90 100 110 
D.O. (% SAT) 
KEY 
• • DENSITY 
·---· 
D.O. 




















DENSITY ( g/cm3 ) 



















f STA. I 
I 
20~~--~~--~~--~ 
0 20 40 60 80 100 120 
D.O.(% SAT) 
DENSITY ( g/cm3 ) 






















~ 14 • I 
w 












0 20 40 60 80 100 
D.O.(% SAT) 
252 
DENSITY (g /cm3 ) 






















20 40 60 80 100 
D.O.(% SAT) 
3 DENSITY (g/cm ) 






























I STA. 4 
26;-~~----~----,-_, 
0 20 40 60 80 100 120 
D.O. (% SAT) 
DENSITY (g/cm 3 ) 






0 6 STA. 5 
84--4~~~~~~ 
0 20 40 60 80 100 
D.O.(% SAT) 
DENSITY (g/cm3 ) 

















30 40 50 60 70 80 
DENSITY (g/cm3 ) 

















30 40 50 60 70 80 
D.O.(% SAT) 
KEY 
• • DENSITY 
•----e D.O. 
Figure 45. Density and D.O. Profiles, 7-10-74 
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Figure 48. Density and D.O. Profiles, 10-10-74 
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Table 120 
Vertical Stability Values, Stations 1-4, Study Year 3 
Vertical Stability (joules/m2) 
Date Water column Sta. 1 Sta. 2 Sta. 3 Sta. 4 
length (m) 
5-13-74 18 3973 3080 2886 945 
6-10-74 16 892 809 748 321 
7-10-74 18 1977 1781 1916 884 
8-9-74 18 336 302 397 317 
9-10-74 18 786 938 1277 867 
10-10-74 18 734 723 535 325 
11-7-74 18 989 703 685 234 
12-5-74 18 1123 1202 1704 572 
x 1351 1192 1268 558 
Station 4 significantly lower than all other stations ( a =.01) 
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Table 121 
Vertical Stability Values; Stations 5, 6, 3; Study Year 3 
Date Water column Sta. 5 Sta. 6 Sta. 3 
length (m) 
5-13-74 8 25 33 36 
6-10-74 8 52 54 60 
7-10-74 8 172 60 190 
8-9-74 8 65 18 52 
9-10-74 8 264 247 166 
10-10-74 8 21 8 26 
11-7-74 8 -·'77 2 5 
12-5-74 8 40 99 84 
-
X 79 65 77 
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separated by periods of vertical mixing and replenishment of deep water 
D.O. 
Surface and Bottom Water Quality Data 
The data obtained for nutrients, chlorophyll ~, and transparency 
appear in Tables 122-129. Surface and bottom mean values for stations 
1-4 arelisted in Table 130. The results of paired t-tests to detect 
significant surface vs bottom differences are presented in Table 131. 
As in the preceding 25 months, bottom alkalinities consistently exceeded 
surface alkalinities. The pH pattern varied, with significantly higher 
surface values on 4 dates and significantly higher bottom values on 3 
dates. Nitrite, once again, was the nitrogen form with the greatest 
number of significant t values - 6 of 8 dates. On those 6 dates, the 
surface concentrations were higher than the bottom concentrations. The 
seasonal nitrite peak occurred in September (Table 130), as it did in 
1972. Surface nitrate concentrations were significantly higher than 
bottom concentrations on 4 dates, while bottom ammonia concentrations 
exceeded surface concentrations on 3 dates. The organic nitrogen fractions 
generally yielded insignificant t values. 
As in the preceding two study years, orthophosphate and particulate 
org~ic phosphorus were most often higher in bottom than in surface 
samples. Dissolved organic phosphorus showed the reverse, but the differ-
ence was significant on only one date. 
The carbon fractions,as well as chlorophyll ~, generally had higher 
bottom than surface concentrations, patterns consistent with those observed 
in the first two study years. 
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Table 122 
Water Quality Data - May 13, 1974 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 20 1 20 1 18 1 24 
pH 7.90 8.10 7.88 8.01 7.80 8.04 7.80 8.00 
Alk (mg CaC03/l) 67.7 86.4 67.4 85.3 67.0 84.5 66.4 79.9 
(meq/1) 1.35 1. 73 1.35 1.71 1.34 1.69 1.33 1.60 
N02-N (ug-at/1) • 21 .11 .26 .11 .32 .12 .32 .16 
N03-N (ug-at/1) .94 1.10 1.19 1.17 1.63 1.12 1. 75 1.66 
NHrN (ug-at/1) 5.00 2.86 3.57 2.86 3.57 2.14 4.29 s.oo 
Sol. org. N (ug-at/1) 14.29 16.43 17.86 17.14 17.86 15.71 16.43 15.71 
part. org. N (ug-at/1) 1.43 9.29 5. 71 21.43 2.86 15.00 2.86 45.00 
Total N (ug-at/1) 21.87 29.79 28.59 42.71 26.24 34.09 25.65 67.53 
ortho P (ug-at/1) .34 .58 .43 • 62 .51 .60 .51 .77 
diss. org. P (ug-at/1) .41 .36 .38 .38 .39 .29 .38 .29 
part. org. P (ug-at/1) .21 .72 .23 1.02 .27 • 90 .24 3.29 
Total P (ug-at/1) .96 1.66 1.04 2.02 1.17 1. 79 1.13 4.35 
diss. inorg. 
C (ug-at/1) 1362 1393 1330 1615 1393 1631 1219 1314 
diss. org. 
C (ug-at/1) 1067 1448 1072 1175 983 1211 1183 1347 
part. C (ug-at/1) 197 308 196 360 196 230 144 306 
Total C (ug-at/1) 2626 3148 2598 3150 2572 3072 2546 2967 
Chl .§! (ug/1) 8.52 31.57 9.71 27.35 9.12 26.38 8.61 26.59 
Secchi Disk 
Transparency (m) Ll9 1.21 .97 .99 
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Table 122 (continued) 
Station 5 5 6 6 6 7 
Depth (m) 1 10 1 5 10 1 
pH 7.81 7.88 7.74 7.74 7.74 7.88 
Alk (mg CaC03/l) 64.9 72.5 65.4 66.8 68.1 68.7 
(meq/1) 1.30 1.45 1.31 1.34 1.36 1.37 
No2-N (ug-at/1) .38 .23 .34 .32 .31 .28 
N03-N (ug-at/1) 1.64 1.31 1.57 1.55 1.39 1.40 
NH3-N (ug-at/1) 4.29 4o29 4.29 3.57 4.29 3.57 
Sol. org. N (ug-at/1) 16.43 10.00 12.86 ZOo 71 12.86 25.00 
part. org. N (ug-at/1) 2.14 6.43 8.57 5. 71 3.57 2.86 
Total N (ug-at/1) 24.88 22.26 27.63 31.86 22.42 33.11 
ortho P (ug-at/1) .51 .60 .51 • 51 .51 .49 
disso org. P (ug-at/1) .38 o32 .41 .41 .38 .41 
part. org. P (ug-at/1) .30 .51 .29 o21 • 69 .29 
Total P (ug-at/1) Ll9 1.43 1.21 Ll3 L58 1.19 
diss. inorgo 
C (ug-at/1) 1108 1330 1172 1108 1140 982 
diss. orgo 
C (ug-at/1) 1191 1202 1334 1268 1262 982 
part. C (ug-at/1) 168 146 14 196 249 609 
Total C (ug-at/1) 2467 2678 2520 2572 2651 2573 
Chl ~ (ug/1) 7.76 14.98 7.68 8.19 10.63 7o34 
Secchi Disk 
Transparency (m) .96 • 97 
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Table 123 
Water Quality Data - June 10, 1975 
.Station 1 1 2 2 3 3 4 4 
Depth (m) 1 20 1 17 1 16 1 26 
pH 8.25 7.69 8.19 7.58 7.85 7.54 7.95 7. 72 
Alk (mg CaC03/l) 64.5 81.2 64.6 75.0 64.4 73.0 61.8 66.1 
(meq/1) 1.29 1.62 1.29 1.50 1.29 1.46 1.24 1.32 
N02-N (ug-at/1) .35 • 58 .23 .53 .48 .59 .66 .56 
N03-N (ug-at/1) .43 • 98 .58 .96 .93 3.43 1.35 1.26 
NH3-N (ug-at/1) 1.43 13.57 1.43 16.43 1.43 14.29 2.14 10.00 
Sol. org. N (ug-at/1) 14.29 13.57 17.86 14.29 25.00 20.00 17.86 17.86 
part. org. N (ug-at/1) 19.29 25.71 15.71 21.43 3.57 25.71 13.57 32.86 
Total N (ug-at/1) 35.79 54.41 35.81 53.64 31.41 64.02 35.58 62.54 
ortho P (ug-at/1) .26 1.13 .40 .96 .40 1.04 .49 .87 
diss. org. P (ug-at/1) .19 .23 .31 • 20 .40 .28 .32 .26 
part. org. P (ug-at/1) .46 1.71 .51 1.19 .42 2.09 .48 2.04 
Total P (ug-at/1) .91 3.07 1.22 2.35 1.22 3.41 1.29 3.17 
diss. 'inorg. 
C (ug-at/1) 1200 1631 1298 1520 1298 1298 1251 1267 
diss. org. 
C (ug-at/1) 1072 1148 1070 1162 1118 1384 1190 1198 
part. C (ug-at/1) 248 82 125 179 103 126 1 107 
Total C (ug-at/1) 2520 ·2861 2493 2861 2519 2808 2442 2572 
Chl ~ (ug/1) 3.97 5.87 6.71 5.44 6.03 9.87 5.61 7.43 
Secchi Disk 
Transparency (m) 1.25 1.10 1.10 • 98 
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Table 123 (continued) 
Station 5 5 6 6 6 7 
Depth (m) 1 10 1 5 11 1 
pH 7.99 7.87 8.05 7.98 7.88 7.91 
Alk (mg CaC03/l) 62.9 65.4 63.5 66.0 66.3 65.2 
(meq/1) 1.26 1.31 1.27 1.32 1.33 1.30 
N02~N (ug-at/1) .61 .60 .39 • 51 • 52 .61 
N03-N (ug-at/1) 1.39 1.23 .61 1.11 1.17 .95 
NH3,...N (ug-at/1) 2.14 7.14 .71 3.57 6.43 4.29 
Sol. org. N (ug-at/1) 19.29 17.14 22.86 19.29 21.43 18.57 
part. org. N ( ug-at/ 1) 12.86 29.29 12.14 15.71 27.86 10.00 
Total N (ug-at/1) 36.29 55.40 36.71 40.19 57.41 34.42 
ortho P (ug-at/1) • 51 .70 .40 .40 .53 • 51 
diss. org. P (ug-at/1) .38 .30 • 52 .38 .40 .• 38 
part. org. P (ug-at/1) .43 2.30 .43 .42 1.77 .63 
Total P (ug-at/1) 1.32 3.30 1.35 1. 20 2.70 1.52 
diss. inorg. 
C (ug-at/1) 1267 1330 1251 1251 1282 1251 
diss. org. 
C (ug-at/1) 1198 1135 1142 1166 1182 1118 
part. ~ (ug-at/1) 28 55 101 130 108 99 
Total C (ug-at/1) 2493 2520 2494 2547 2572 2468 
Chl .§!: (ug/1) 5.11 7.01 6.54 5.02 7.76 5.28 
Secchi Disk 
Transparency (m) 1.13 1.05 
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Table 124 
Water Quality Data - July 10, 1974 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 20 1 24 1 18 1 25 
pH 7.80 7.29 7.81 7.32 7.78 7.32 8.00 7.38 
Alk (mg CaC03/l) 71.0 77.6 69.3 76.3 69.9 74.7 68.6 69.9 
(meq/1) 1.42 1.55 1.39 1.53 1.40 1.49 1.37 1.40 
NOz-N (ug-at/1) .27 .28 .08 .09 .08 .08 .07 .09 
NOrN (ug-at/1) .21 .28 .61 .99 .79 .61 .94 .99 
NH3-N (ug-at/1) 2.14 3.57 1.43 2.14 1.43 1.43 2.86 1.43 
Sol. org. N (ug-at/1) 17.14 15.71 17.86 42.14 20.00 23.57 27.14 51.43 
part. org. N (ug-at/1) 8.57 22.86 5.00 8.57 .71 2.86 10.00 14.29 
Total N (ug-at/1) 28.33 42.70 24.98 53.93 23.01 28.55 41.01 68.23 
ortho P (ug-at/1) .28 .76 .32 .60 .42 .76 • 62 • 96 
diss. org. P (ug-at/1) .38 • 52 .53 .48 .50 .42 .60 .32 
part. org. P (ug-at/1) .67 2.17 .42 2.39 .4"7 .80 .84 4.07 
Total P (ug-at/1) 1.33 3.45 1.27 3.47 1.39 1.98 2.06 5.35 
diss. inorg. 
C (ug-at/1) 1467 167 133 1433 1383 417 1150 1500 
diss. org. 
C (ug-at/1) 1047 486 495 1177 1033 550 1073 1086 
part. C (ug-at/1) 307 2378 2072 690 313 1883 657 114 
Total C (ug-at/1) 2821 3031 2700 3300 2729 2850 2880 2700 
Chl a (ug/1) 7. 72 10.38 7. 72 12.49 8.10 6.88 19.92 18.74 
Secchi Disk 
Transparency (m) L36 1.50 1.18 1. 25 
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Table 124 (continued) 
Station 5 5 6 6 6 7 
Depth (m) 1 8 1 5 11 1 
pH 7.88 7.40 7.61 7.59 7.40 7.80 
Alk (mg CaC03/l) 69.5 73.9 69.6 71.2 73.4 69.1 
(meq/1) 1.39 1.48 1.39 1.42 1.47 1.38 
N02-N (ug-at/1) .09 .11 .09 .08 .08 .14 
N03-N (ug-at/1) .61 .97 • 64 • 5L~ .54 .65 
NH3-N (ug-at/1) .71 2.86 .71 .71 .71 1.43 
Sol. org. N (ug-at/1) 23.57 19.29 19.29 18.57 17.86 16.43 
part. org. N (ug-at/1) 24.29 60.71 12.86 10.00 7.14 11.43 
Total N (ug-at/1) 49.27 83.54 33.59 29.9 26.33 30.08 
ortho P (ug-at/1) .45 .77 .47 .47 .49 .47 
diss. org. P (ug-at/1) .54 .31 .38 .33 .40 .44 
parto org. P (ug-at/1) .62 5.53 .42 .59 .50 .62 
Total P (ug-at/1) 1.61 6.61 1.27 1.39 1.39 1.53 
disso inorgo 
C (ug-at/1) 1433 1533 1383 1433 1517 600 
diss. orgo 
C (ug-at/1) 983 932 1082 1056 1069 802 
part. C (ug-at/1) 283 475 295 211 234 1328 
Total C (ug-at/1) 2699 2940 2760 2700 2820 2730 
Ch1 ~ (ug/1) 8.02 20.42 7o43 7.68 5.87 5.23 
Secchi Disk 
Transparency (m) 1.12 1.00 
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Table 125 
Water Quality Data - August 9, 1974 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 19 1 22 1 18 1 25 
pH 7.87 7.78 7.86 7.78 7.87 7.73 7.91 7.70 
Alk (mg CaC03/l) 71.6 72.6 74.9 77.3 75.3 76.3 72.1 76.3 
(meq/1) 1.41 1.43 1.50 1.55 1.51 1.53 1.44 1.53 
N02-N (ug-at/1) .61 .34 .74 .38 .83 .42 1.08 .57 
N03-N (ug-at/1) 1.01 .56 1.07 .71 1.23 .70 1.48 • 90 
NH3-N (ug-at/1) 8.57 13.57 9.29 13.57 7.86 14.29 4.29 14.29 
Sol. org. N (ug-at/1) 40.71 38.57 50.00 33.57 35.71 33.57 42.14 40.00 
part. org. N (ug-at/1) 16.43 17.86 3.57 18.57 18.57 .3.57 20.71 5.71 
Total N (ug-at/1) 67.33 70.90 64.67 66.80 64.20 52.55 69.70 61.47 
ortho P (ug-at/1) 1.43 1.41 1.33 1.28 1.37 1.38 1.56 1.56 
diss. org. P (ug-at/1) .57 .28 .64 .55 .63 .54 1.04 .62 
part. org. P (ug-at/1) .88 1.46 .83 1.19 .92 1. 73 1.47 1.93 
Total P (ug-at/1) 2.88 3.15 2.80 3.02 2.92 3.65 4.07 . 4.11 
diss. inorg. 
C (ug-at/1) 1567 1600 1567 1667 . 1633 1583 1550 1600 
diss. org. 
C( ug-at/1) 977 873 1047 853 933 1007 853 943 
part. C (ug-at/1) 318 230 117 342 295 35 248 134 
Total C (ug-at/1) 2862 2703 2731 2862 2861 2625 2651 2677 
Chl ~ (ug-at/1) 9.03 6.71 7. 72 6.33 9.87 6.37 22.79 8.78 
Secchi Disk 
Transparency (m) 1.23 1.28 1.13 1.21 
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Table 125 (continued) 
Station 5 5 6 6 6 7 
Depth (m) 1 10 1 5 11 1 
pH 8.00 7. 72 7.89 7.82 7.78 7.61 
Alk (mg CaC03/l) 73.4 75.1 74.1 75.6 78.2 74.7 
(meq/1) 1.47 1.50 1.48 1.51 1.56 1.49 
N02-N (ug-at/1) 1.08 .84 .82 .79 .79 .87 
N03-N (ug-at/1) 1.42 1.20 1.18 1.17 1.16 1.23 
NH3-N (ug-at/1) 4.29 12.86 7.86 10.00 10.71 22.86 
Sol. org. N (ug-at/1) 36.43 34.29 32.86 34.29 37.86 54.29 
part. org. N (ug-at/1) 4.29 4.29 17.14 3.57 7.86 9.29 
Total N (ug-at/1) 47.51 53.48 59.86 49.82 58.38 88.54 
ortho P (ug-at/1) 1.35 1.60 1.35 1.37 1.45 1.71 
diss. org. P (ug-at/1) .73 .60 .66 .61 .73 .72 
part. org. P (ug-at/1) .89 1.45 .84 .69 .so 1.28 
Total P (ug-at/1) 2.97 3.65 2.85 2.67 2.68 3.71 
diss. inor,. 
C (ug-at 1) 1583 1633 1633 1650 1617 1633 
diss. org. (ug-at/1) 
C (ug-at/1) 960 933 910 870 950 980 
part. C (ug-at/1) 160 163 344 262 190 196 
Total C (ug-at/1) 2703 2729 2887 2782 2757 2809 
Chl ~ (ug-at/1) 13.76 7.68 10.72 7.55 7.85 6.37 
Secchi Disk 
Transparency (m) 1.20 1.01 .76 
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Table 126 
Water Q,uality Data - September 10, 1974 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 20 1 22 1 18 1 26 
pH 8.00 7.69 8.07 7.71 7.94 7.70 8.11 7.68 
Alk (mg CaC03/1) 72.3 76.6 73.0 77.1 70.9 77.2 70.8 75.3 
(meq/1) 1.45 1.53 1.46 1.54 1.42 1.54 1.42 1.51 
N02-N (ug-at/1) 4.21 2.04 3.18 2.14 4.42 2.12 4.76 2.88 
N03-N (ug-at/1) 2.39 1. 75 1.67 1.65 2.28 1.56 2.34 1.91 
NH3-N (ug-at/1) 1.43 19.29 1.43 17.86 1.43 17.14 2.86 16.43 
Sol. org. N (ug-at/1) 20.71 12.14 27.86 17.14 28.57 17.14 27.14 30.71 
part. org. N (ug-at/1) 16~43 17.14 11.43 13.57 5.00. 7.14 8.57 2.14 
Total N (ug-at/1) 45.17 52.36 45.57 52.36 41.70 45.10 45.67 54.07 
ortho P (ug-at/1) 1.41 1. 58 1.34 1.60 1.60 1.67 1.65 1. 75 
diss. org. P (ug-at/1) .56 .42 .39 .22 o31 .15 .49 .25 
part. org. P (ug-at/1) .65 .95 .82 .85 .73 1.20 .30 1.30 
Total P (ug-at/1) 2.62 2.95 2.55 2.67 2.64 3.02 2.44 3.30 
diss. inorg. 
C (ug-at/1) 1124 1108 998 1172 1077 
diss. org. 
C (ug-at/1) 1396 1645 1762 1348 1420 
part. C (ug-at/1) 330 187 227 390 413 
Total C (ug-at/1) 2850 2970 2940 2850 2987 2910 2730 2910 
Chl ~ (ug/1) 11.31 6.33 13.25 4.52 12.32 6.20 10.04 5.61 
Secchi Disk 
Transparency (m) 1.30 .95 .92 .95 
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Table 126 (continued) 
Station 5 5 6 6 6 7 
Depth (m) 1 10 1 5 11 1 
pH 8.28 7. 71 8.12 7.7.9 7. 71 8.38 
Alk (mg CaC03/l) 68.6 75.1 69.2 72.9 75.7 67.4 
(meq/1) 1.37 1.50 1.38 1.46 1.51 1.35 
N02-N (ug-at/1) 1.87 3. 92 3.20 4.64 3.18 1.40 
N03-N (ug-at/1) 1.02 2. 71 1.42 2.90 2.21 1.21 
NH:3-N (ug-at/1) 1.43 15.00 1.43 9.29 . 17.86 1.43 
Solo org. N (ug-at/1) 28o57 16.43 25.71 15.71 11.43 33.57 
Part. org. N (ug-at/1) 8.57 6.43 7.86 37.86 12.14 20.71 
Total N (ug-at/1) 41.46 44.49 39.62 70.40 46.82 58.32 
ortho P (ug-at/1) 1.41 2.08 1.50 1.91 2.08 2.39 
diss. org. P (ug-at/1) .60 .16 .32 .20 .12 .46 
part. org. P (ug-at/1) .53 .90 .55 .38 1.20 1.45 
Total P (ug-at/1) 2.54 3.14 2.37 2.49 3.40 4.30 
diss. inorg. 
(C (ug-at/1) 1077 1172 1077 1077 
diss. org. 
C (ug-at/1) 1350 1582 1443 1537 
part. C (ug-at/1) 273 7 180 207 
Total C (ug-at/1) 2700 2761 2700 2820 2821 2730 
Chl £! (ug-at/1) 16.12 5.11 12.07 5.65 7.38 13.50 
Secchi Disk 
Transparency (m) 1.02 • 93 .78 
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Table 127 
Water Quality Data - October 10, 1974 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 21 1 24 1 18 1 25 
pH 7.78 7.82 7.82 7.88 7.79 7.86 7.79 7.74 
Alk (mg CaC03/l) 75.6 84.1 76.2 83.3 76.9 81.5 76.2 77.7 
(meq/1) 1.51 1.68 1.52 1.67 1.54 1.63 1.52 1.55 
N02-N (ug-at/1) 1.18 .25 1.31 .41 1.40 .42 1.57 .90 
N03-N (ug-at/1) 2.5"9 1.08 2.69 .97 3.19 .86 3.37 1. 76 
NH3-N (ug-at/1) 5.00 7.86 6.43 7.86 7.14 7.86 7.14 7.86 
Sol. org. N (ug-at/JL) 22.14 2 7 •. 86 19.29 26.43 21.4.3 31.43 32.86 35.00 
part. org. N (ug-at/1) 5. 71 2.14 9.29 1.43 4.29 3.57 7.14 4.29 
Total N (ug-at/1) 36.62 39.19 39.01 37.10 37. L~5 44.14 52.08 49.81 
ortho P (ug-at/1) 1.02 1.05 1.19 1.14 1.17 1.04 1.29 1.24 
diss. org. P (ug-at/1) .48 .35 .30 .23 .35 .47 .35 .25 
part. org. P (ug-at/1) .37 .84 .42 .83 .32 • 62 .44 1.36 
Total P (ug-at/1) 1.87 2.24 1.91 2.20 1.84 2.13 2.08 2.85 
diss. inorg. 
C (ug-at/1) 1298 1298 1235 1330 1267 1235 1267 1235 
diss. org. 
C (ug-at/1) 1082 1245 1215 1307 1207 1332 1183 1238 
part. C (ug-at/1) 500 457 490 243 287 313 310 467 
Total C (ug-at/1) 2880 3000 2940 2880 2761 2880 2760 2940 
Chl .2: (ug/1) 6.75 9.87 5.74 8.36 5.32 7.47 5.02 9.79 
Secchi Disk 
Transparency (m) 1.49 1.37 1.46 1.42 
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Table 127 (continued) 
Station 5 5 6 6 6 7 
Depth (m) 1 8 1 5 11 1 
pH 7.74 7.84 7.88 7.88 7.89 7.89 
Alk (mg CaC03/1) 77 o6 76.5 75.7 75.8 76.1 76.7 
(meq/1) 1.55 1.53 1.51 1.52 1.52 1.53 
N02-N (ug-at/1) 1.53 1.47 1.42 1.44 1.37 1.24 
N03-N (ug-at/1) 3.32 3.07 3.02 3.01 2.82 3.02 
NH3-N (ug-at/1) 7.14 6.43 6.43 6.43 7.14 5. 71 
Sol. org. N (ug-at/1) 16.43 27.14 27.86 26.43 27.14 22.14 
part. orgo N (ug-at/1) 12.14 2.86 3.57 2.14 3.57 2.14 
Total N (ug-at/1) 40.56 40.97 42.30 39.45 42.04 34.25 
ortho P (ug-at/1) 1.33 L22 1.26 1.24 1.22 1.10 
diss. org. P (ug-at/1) .40 .34 .38 .32 .35 .27 
part. org. P (ug-at/1) .30 .52 .45 • 60 .59 .52 
Total P (ug-at/1) 2.03 2. 08 2.09 2.16 2.16 1.89 
diss. inorgo 
C (ug-at/1) 1267 1140 1172 1172 1140 1188 
diss. org. 
C (ug-at/1) 1253 1357 1208 1208 1240 1216 
part. C (ug-at/1) 180 263 380 380 500 327 
Total C (ug-at/1) 2700 2760 2760 2760 2880 2731 
Ch1 .2: (ug/1) 5o82 5.57 5.36 5o32 5.02 4.60 
Secchi Disk 
Transparency (m) 1.39 1.37 1.09 
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Table 128 
Water Quality Data- November 7, 1971+ 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 20 1 18 1 18 1 26 
pH 7.84 7.97 7.85 7.91 7.79 7.92 7.79 7.89 
Alk (mg CaC03/l) 77.9 83.8 79.3 82.8 78.8 83.2 78.7 80.2 
(meq/1) 1.56 1.68 1.59 1.66 1.58 1.66 1.57 1.62 
N02-N (ug-at/1) .92 .30 .97 .39 1.08 .34 1.07 .44 
N03-N (ug-at/1) 2.46 0 92 2.93 1.23 3.28 .88 3.40 2.10 
NH3-N (ug-at/1) 7.86 5. 71 7.86 6.43 7.14 6.43 7.86 6.43 
SoL org. N (ug-at/1) 17.86 23.57 15.00 12.86 23.57 25.00 19.28 25.00 
part. org. N (ug-at/1) 7.86 8.57 13.57 16.43 9.28 11.43 10.71 5.00 
Total N (ug-at/1) 36.95 39.08 40.33 37.33 44.36 44.08 42.33 38.97 
ortho P (ug-at/1) 1.24 1.03 1.33 1.08 1.37 1.10 1.37 1.22 
diss. org. P (ug-at/1) 0.49 0.28 0.31 0.38 0.37 0.35 0.45 0.48 
part. org. P (ug-at/1) 0.19 0.98 0.28 0.52 0.37 1.24 0.27 0.57 
Total P (ug-at/1) 1.92 2.29 1. 92 1.98 2.11 2.69 2.09 2.27 
diss. inorg. 
C (ug-at/1) 1417 1433 1300 1450 1267 1367 1367 1367 
diss. org. 
C (ug-at/1) 1517 1500 1500 1430 1587 1487 1487 1460 
part. C (ug-at/1) 558 1001 691 758 992 1229 638 1019 
Total C (ug-at/1) 3492 3934 3491 3638 3846 4083 3492 3846 
Chl !! (ug/1) 3.04 4.94 2.57 3.80 2.45 6.50 2.49 3.67 
Secchi Disk 
Transparency (m) 1.45 1.37 1.25 1.18 
274 
Table 128 (continued) 
Station 5 5 . 6 6 6 7 
Depth (m) 1 10 1 5 11 1 
pH 7.72 7.81 7.80 7.80 7.82 7.75 
Alk (mg CaC03/l) 79.4 77.6 78.4 78.5 78.1 79.3 
(meq/1) 1.59 1.55 1.57 1.57 L56 1.59 
N02-N (ug-at/1) 1.14 1.10 1.08 1.13 1.09 1.00 
N03-N (ug-at/1) 3.28 3.34 3.09 3.05 3.11 3.04 
NH3-N (ug-at/1) 7.86 8.57 7.86 8.57 7.86 8.57 
Sol. org. N (ug-at/1) 25.71 27.14 27.14 29.28 27.86 30.00 
part. org. N (ug-at/1) 3.57 6.43 5.71 2.14 4.28 5.00 
Total N (ug-at/1) 41.56 46.58 44.88 44.18 44.20 47.61 
ortho P (ug-at/1) 1.44 1.46 1.37 1.39 1.37 1.33 
diss. org. P (ug-at/1) .32 .40 .39 .37 .28 .45 
part. org. P (ug-at/1) .33 Ll7 .22 .41 1.21 .31 
Total P (ug-at/1) 2.09 3.03 1. 98 2.17 2.86 2.09 
diss. inorg. 
C (ug-at/1) 1300 1417 1367 1333 1333 1300 
diss. org. 
C (ug-at/1) 1580 1433 1487 1520 1547 1527 
part. C (ug-at/1) 966 1525 667 992 670 1337 
Total C (ug-at/1) 3846 4375 3521 3845 3550 4164 
Ch1 ~ (ug/1) 2.78 4.85 2.45 2.95 3.97 3.76 
Secchi Disk 
Transparency (m) 1.16 1.15 .88 
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Table 129 
Water Quality Data - December 5, 1974 
Station 1 1 2 2 3 3 4 4 
Depth (m) 1 20 1 24 1 18 1 26 
pH 7. 92 8.00 7.87 7.97 7o89 8.00 7.88 8.00 
Alk (mg CaC03/l) 80.1 91.0 79.3 90.1 78.4 89o3 79.7 87.5 
(meq/1) 1.60 1.82 1.59 1.80 1.57 1. 79 1.59 1. 75 
N02-N (ug~at/1) .79 .39 .79 .38 .75 .42 .79 .49 
N03-N (ug-at/1) 4.57 1.27 4.96 1.09 4.74 1.42 5.22 1.60 
NH3-N (ug-at/1) 5. 71 16.43 5.71 5. 71 5.00 4.28 5.00 5.00 
Sol. org. N (ug-at/1) 17ol4 6.43 17.14 18.57 15.71 30.00 15.00 26.43 
part. org.N(ug-at/1) 19.28 10.00 6.43 20.71 .71 15.71 9.28 
Total N (ug-at/1) 43.8 38.6 32.18 46.91 36.83 41.72 42.8 
ortho P (ug-at/1) 1.00 0.74 1.04 0.74 0.96 0.84 1.08 0.90 
diss. org. P (ug-at/.1) 0.21 0.17 0.24 0.28 0.20 0.16 0.13 0.14 
part. org. P (ug-at/.1) 0.53 0.20 0.42 0.27 1.33 0.40 1.90 
Total P (ug-at/1) 1.44 1.48 1.44 1.43 2.33 1.61 2.94 
disso inorg. 
C (ug-at/1) 1583 1400 1367 1467 1333 1433 1333 1417 
diss. org. 
C (ug-at/1) 1350 1267 1593 1627 1493 1447 1573 1703 
part. C (ug-at/1) 1120 620 752 723 1143 673 844 
Total C (ug-at/1) 3787 3580 3846 3549 4023 3579 3964 
Chl ~ (ug/1) 2.99 9o28 3.21 9.54 3.33 14.68 2.74 13.34 
Secchi Disk 
Transparency (m) 1.23 1.43 1.30 1.19 
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Table 129 (continued) 
Station 5 5 6 6 6 7 
Depth (m) 1 8 1 5 11 1 
pH 7.90 7.95 7.85 7.81 7.90 7.85 
Alk (mg CaC03/ 1) 78.7 80.4 78.0 79.0 85.7 78.5 
(meq/1) L57 1.61 1.56 1.58 1.71 1.57 
N02-N (ug-at/1) .81 .74 .83 . .82 .69 .85 
N03-N (qg-at/1) 4.94 3.69 4.86 4.86 2.71 4.90 
NHrN (ug-at/1) 5.00 5. 71 5.00 5. 71 5.00 5. 71 
So • org. N (ug-at/1) 17.86 20.00 24.28 20.00 25.00 20.00 
part. org. N (ug-at/1) 10.00 10.00 7.14 15.00 5.71 13.57 
Total N (ug-at/1) 38.61 40.14 42.11 46.39 39.11 45.03 
ortho P (ug-at/1) 0.96 0.96 1.04 1.04 0.92 1.04 
diss. org. P (ug-at/1) 0.27 0.27 0.12 0.23 0.14 0.15 
part. org.P(ug-at/1) 0.34 0.35 0.32 0.23 0.85 0.39 
Total P (ug-at/1) 1.57 1.58 1.48 1.50 1. 91 1.58 
diss. inorg. 
C (ug-at/1) 1367 1367 1267 1333 1367 1333 
diss. org. 
C (ug-at/1) 1647 1567 1613 1600 1647 1547 
part. C (ug-at/1) 625 735 670 705 773 611 
Total C (ug-at/1) 3639 3669 3550 3638 3787 3491 
Chl .§! (ug/1) 3.42 3. 71 2.74 3.33 7.43 3.16 
Secchi Disk 
Transparency (m) 1.16 1.36 1.02 
Table 130. Water Quality Data - Average Values 1974 (Study year 3) 
• (Stations 1-4) 
May Jun. Jul. Aug. Sep. Oct. Nov. Dec. 
pH s 7.84 8.06 7.85 7.88 8.03 7.80 7.82 7.89 
B 8.04 7.63 7.33 7.75 7.70 7.82 7.9'2. ' 7.99 
Alk s 1.34 1.28 1.40 1.47 1.44 1.52 1.58 1.59 
(meq/1) B 1.68 1.48 1.49 1.52 1.53 1,63 1.66 1.79 
N02-N s .27 .40 .10 .80 4.10 1,36 1,01 • 78 
(}lg-at/1) B .12 .56 .12 .42 2.27 .44 .36 .42 
N03-N s 1.34 .95 .56 1.18 2.15 2.94 3.00 4.87 
(pg-at/1) B 1.24 J..42 .64 .71 1.71 1.12 1,20 1.33 
NH3-N s 4.11 1.61 1.96 7,50 1. 79 6.43 7.68 5.36 
(pg-at/1) B 3.22 13,57 2.14 13,93 17.68 7.86 6.25 7.86 
diss. org. N s 16.54 18.38 20.19 41.85 25.87 23.43 18.67 16.22 N (yg-at/1) B 16.23 16.22 29.93 36.31 18.17 29.99 20.86 17.53 ...... ...... 
part, org. N s 2.86 ll.OO 4.17 12.26 9.47 6.36 10.15 14.82 
(pg-at/1) B 19.14 26.13 9.46 9.06 7.72 2,62 9.47 3.49 
Total N s 25.46 34.61 28.59 66.42 44.48 40.85 40.89 42.27 
(_pg-at/1) B 41.35 58.44 46.02 62.55 50.86 42.27 39.81 37.00 
:r.···· 
Table 130 (continued) 
May Jun. Jul. Aug. Sep. Oct. Nov. Dec • 
ortho P s • 44 .38 .39 1.42 1.49 1.16 1. 33 1.02 
(pg-at/1) B .64 1.00 .76 1.40 1.65 1.11 1.11 .80 
diss. org. P s .39 .29 .so • 70 .43 .36 .40 .19 
(pg-at/1) B .33 .24 .43 ,48 .24 .31 .37 .18 
part. org. P s .24 .47 .58 1.00 . 58 .38 .27 .28 
(,ug-at/1) B 1. 21 1.72 2.03 1. 55 1.06 .88 .78 1.02 
Total P s 1.07 1.15 1.48 3.13 2.56 1.92 2.01 1. so 
(pg-at/1) B 2.26 2.97 3.35 3.46 2.98 2.34 2.29 2.15 
diss. inorg, c s 1325 1261 746 1578 998 1266 1337 1400 
(yg-at/1) B 1481 1421 622 1613 1171 1274 1404 1429 
diss. org, C s 1076 1112 912 952 1762 1172 1523 1502 
(,ug-at/1) B 1295 1223 825 919 1348 1280 1469 1511 
part. C s 183 119 837 244 227 397 720 672 
()-lg-at/1) B 301 124 1266 185 390 370 1002 913 
Total C s 2586 2494 2782 2776 2876 2835 3580 3569 N 
(pg-at/ 1) B 3084 2776 2970 2716 2910 2925 3875 3944 " 00 
Chla s 8,98 5,48 9.90 11.19 11.67 5.67 2.63 3;06 
(ug/l) B 27.90 6, 0 6 11.37 6.98 So61 8.81 4.60 11.47 
Table 131. Water Quality Data - 1974 (Study year 3) 
Paired t·tests for Significant Differences between Surface and Bottom Values 
Parameter May 13 Jun, 10 
pH - 8.42 .;, 4.60 .. ·~ 
Alk -14.08 ** - 3, 81 >~ 
NOz-N 10.32 -.'ck - 1,62 
N03-N ,649 - 2.22 
NH3-N 1.47 7,99 •/(-;,'( 
diss, org. N .333 2.15 
part.- org. N 6.21 -.'<·# - 2.19 
Total N 2.96 7.28 -;':-/: 
ortho P 4,78 i<>~ 5.21 ·#'i'> 
diss. org. p 2,55 1.45 







diss. inorg. c 2,87 1.65 
diss, org, c - 3.67 '~ - 2.01 
part. c - 3,86 ·;'c - ,072 
Total c -17.80 ~ ..... , 5,30 .... ,.k 
Chl .§!. -18,38 "/c··k - 1.53 
"~' Differ.:·nce significant at a = ,05 
"~<"~' Diffenmce significant at a = ,01 
Jul. 10 Aug, 9 
14,91 
"'"* 4.37 -.'t 
- 3.91 '~ - 2. 71 
- 1.82 29.98 -.':-1: 
-
,883 12.84 •/("/( 
,291 5.05 i< 
- L82 1.65 
3.52 ,., .402 
4.13 ... ': .989 
5.59 ;'c-.': 1.09 
,762 2.76 










- .917 2.80 
Negative sign indicates bottom values higher than surface values 
Sep. 10 Oct. 10 




9. 77 'ide - 3.48 >~ 
7 .OS -/(';,'( 5.41 .~ 
2.82 6.96 -l<i< 
-17.78 .... ,'!, - 2.84 







5.78 .... , 1.03 
1. 94 7.64 -1<1< 





.485 - 1. 73 
6. 23 -1<-1< 
-
s. 78 ,, 
Nov.7 Dec. 5 





14.68 '"~ 10.59 ''* 








7.79 ':-'dc 4.94 >~ 
.520 .531 



















6.23 .... , ... k 
-
3.99 * -10.68 "ldc 
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Variance analyses were performed on the water quality data to detect 
differences among the stations (Table 132). Fewer significant differences 
were revealed by the analysis of these data than in the data from the 
first two study years, but the differences that did appear were consistent 
with those previously observed (Table 68). Bottom alkalinity at station 
4 was significantly lower than at stations 1-3, a pattern identical to 
that for surface alkalinity in years 1 and 2. Nitrate and dissolved 
organic nitrogen concentrations were lower at station 1 than at station 4, 
similar to the results for nitrite, particulate organic, and total nitrogen 
in the previous data. Surface orthosphosphate concentrations at station 
1 were significantly lower than at the upstream stations, while bottom 
particulate organic phosphorus was higher at station 4 than at station 2-
similar to the first 2 years. Secchi disk transparency was greater at the 
two downstream stations than at all other stations, and was least at the 
VEPCO outfall station. In the preceding two years the pattern was similar, 
although there was a more gradual progression of increasing transparency 
from station 4 to station 1. 
Phytoplankton 
Table 133 presents the cell counts obtained for the major phyto-
plankton species found in surface samples at stations 3 and 6 during study 
year 3. A small pennate diatom, tentatively identified as Nitzschia sp. 2, 
that appeared in large numbers in September and October, was the only 
one of these species,that had not appeared in samples from years 1 and 2. 
Study year 3 differed from year 2 in the relative absence of the 















Table 132. Water Quality Parameter ANOVA Stmllilary 

































































Sta. 4 lower than 1-3 
none 
none 
Sta. 1 lower than 3 and 4 









Sta. 1 lower than 3-7; Sta. 2 
lower than 4 and 7 




Sta. 4 higher than Sta. 2 
Sta. 1 lower than 4 & 7; Sta. 
2 lower than 7 






Table 132. (continued) 
Parameter Depth Transfo:rm Differences Detected 
used (Significant ate>< =.05) 
POC . Surface \ ln X none 
Bottom ln X none 
Tot. c Surface none none 
Bottom none none 
Chl a Surface ln X none 
Bottom ln X none 
Secchi Disk none Sta. 1 and 2 higher than 3-6 
Transparency Sta. 7 lower than 1-6 
Table 133 Phytoplankton counts, major species, surface samples, study year 3 (No. per ml) 
Date 5-13-"/4 6-10-74 7-10-74 8-9-74 9-10-74 10-10-74 11-7-74 12-5-74 
Station 3S 6S 3S ---68 3S 6S 3S ---68 3S 6S 3S 6s 3::; 6S 3S 6S 
Chl _e. (ug/1) 9.12 7.68 6.03 6.54 8.10 7.43 9.87 10.72 12.32 12.07 5.32 5.36 2.45 2.45 3.33 2.74 
Cyanophyta 
GomEhos2haeria sp. 370 780 410 410 410 1450 310 
CryPtophyta 
Chroomonas sp, 1 (16?) 440 460 930 160 50 210 310 210 210 360 1760 830 210 210 100 50 
Chroomonas sp. 2 (8p) 620 780 1240 410 930 100 720 100 310 620 360 670 260 160 210 260 
5,u Cryptophyte 680 620 830 830 410 1760 1550 1650 410 1030 1140 360 620 410 460 100 
ChJ-orophyta 
Pyramimonas sp. 250 360 310 410 210 410 830 1450 310 1760 210 160 100 100 310 
Pyrrophyta 
katodinium rotundatum 330 520 410 620 100 100 100 100 410 30 100 50 50 50 100 260 
G1enodinium sp. 310 100 200 160 100 30 50 80 120 N 
Prorocentrum minimum 40 20 1 6 2 00 w 
Prorocen·crurn micans 3 2 3 4 2 2 6 10 4 4 1 2 1 6 1 
Perldinium triquetrum 5 2 
Peridinium trichoideum 5 20 160 100 10 30 
Gymnodinium sp1endens 1 1 50 30 20 10 10 10 2 1 
Bac illariophyta 
Cyc.Lotella sp. (5,u) 190 210 720 210 200 200 1140 160 
Skeletonema costatum 720 600 5690 3930 40 70 4650 3000 1450 1860 210 130 20 20 320 140 
Thalassiosira sp. 720 830 50 410 620 1140 1860 360 160 
Chaetoceros sp. 170 140 130 260 10- 5 
Leptocy1indrus sp, 10 20 50 40 200 930 910 1110 
ii:erataulina 12.§!lagicl! 150 140 
£hizosolenia Fragilissima 120 80 
Asterionella japonica 60 40 2 1 1 3 
Nitzschia longissima 10 10 1 2 10 10 2 1 
NH:cschia sp. 1 ( iO,u) 650 570 1 1 2 
Nitzschia sp. 2 (l6u) 310 8100 7200 260 260 
Thalassionerna nitzschioides 10 10 20 20 20 10 1 
284 
floral pattern of 1973. The same dinoflagellate species were present, 
but in relatively low concentrations. Cryptophytes were, as in the pre-
ceding two years, consistently important members of the phytoplankton 
community, as were centric diatoms of the genera Cyclotella, Skeletonema, 
and Thalassiosira. 
Zooplankton 
The zooplankton data for study year 3 appear in Table 134. In 
this year Acartia tonsa continued to be the most consistent member of the 
copepod community. Acartia clausi was found in all months, a pattern more 
closely following the year 1 results (Table 102), when it was absent only 
in June, than the year 2 pattern (Table 103), when it was found only in 
the spring and fall. Rotifers and ctenophores were not observed as 
frequently as in the other two years, probably due more to preservation 
problems than to actual population reductions. The composition and temporal 
distributions shown by the meroplankton were similar to those found in years 
1 and 2. 
Heavy Metals in Shellfish 
Of the oysters and clams that began incubation at the VIMS and VEPCO 
stations on January 22, 1974, sufficient numbers survived until the summer 
of 1974 to permit the recovery and analysis of a statistically usable 
number of animals on July 25. Unfortunately our visit to the incubation 
basket at the VEPCO station had been preceded by someone who had removed 
all the oysters, so we were only able to analyze clams from this station. 
The results of the metal analyses appear in Table 135. Comparison 
of these data with the previous data for this batch of experimental animals 
•.. 
Table 134. Summary of dominant zooplankton organisms, lower York River, Study Year 3 
1974 




Acartia tonsa X~' X X X X X X X 
ACartia clausi X 4,5,6 1-3,5,6 1,3,4,6 2-6 X X X 
Eurytemora sp. 5 1-3,5 1,2 2-5 X X 2-4,6 
Calanus sp. 2 
Cyclopoida 3,5,6 X X X 2-6 1,6 
Harpacticoida 2-6 X X X X X X X 
Cladocera 
Podon sp. 1 1,2,4,5 1-3 





Tintinnida Seen in most phytoplankton samples V1 
Heroplankton 
Polychaete larvae X X X X X X X X 
Tunicate larvae 1-5 4,6 2 
Pelecypod larvae 1-3,5,6 2 2,3,5,6 1,3 1,3-6 X X X 
Gastropod larvae 1,4-6 1,2,5,6, 1,4,6 1,2,4-6 1,3,4,6 2 6 
Barnacle larvae 1,2,5,6 X X X X X X X 
Decapod larvae 3,6 1-3,6 6 3 
Phoronid larvae 1,2,6 1 1 2 
-), Appearance at 1 to 5 stations is i.ndicated by listing the station numbers. Appearance at all 6 stations 
i.s indicated by an X, 
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Table 135. Heavy Metals in Shellfish 
Lower York River, July 25, 1974 
Oysters (Crassostrea virginica) 
Cu (ppm) Cd (ppm) Zn (ppm) 
VIMS VIMS VIMS 
21.26 .55 476 
11.69 .56 276 
13o53 .52 438 
11.23 .40 315 
9.19 .34 235 
11.09 .39 310 
4.43 .36 130 
16.70 .45 501 
5.46 .26 198 
14o06 .40 471 
X 11.90 .42 335 
Clams (Mercenaria mercenaria) 
Cu (ppm) Cd (ppm) Zn (ppm) 
VIMS VEPCO VIMS VEPCO VIMS VEPCO 
1.16 1.59 .11 .03 13.4 14.3 
2.40 1.61 .10 .18 12.0 9.5 
1.26 1.98 .13 .19 9.5 8.7 
2.63 2.41 .10 .14 18.7 44.7 
2.19 1.72 .12 .15 16.0 34.3 
2.49 1.35 .20 .11 19.9 12.1 
1.77 1.16 .21 .14 8.8 9.7 
2.27 1.43 .11 .09 17.6 9.5 
2.53 .91 .25 .22 32.8 10.9 
1. 97 1.60 .11 .16 13.8 14.0 
X 2.07 1.58 .14 .14 16.3 16.8 
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(Table 106), using analysis of variance, revealed that the oysters that 
were incubated at VIMS pier lost both copper and cadmium between April 
19 and July 25, returning to approximately initial levels. Zinc concentra-
tion did not decline, and both the April 19 and July 25 levels were sig-
nificantly above the initial level. 
For the clams, copper was the only metal that showed significant 
differences. The VEPCO sample from April 19 had higher levels than all 
other samples except the VIMS sample from July 25. The July 25 VEPCO 
sample yielded a mean concentration (1.58 ppm) very close to the initial 
mean (1.66 ppm), indicating that the elevation observed on April 19 was 
temporary. 
After the recovery of the July 25 samples this part of the study 
was interrupted, pending development of a less theft-prone incubation 
method and choice of a more secure incubation location. It was not 
resumed prior to the termination of the entire study in December. 
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This :report section gives the results of a pre-operational study 
of the effects of the heated effluent from Unit 3 of VEPCO's Yorktown 
power station on the benthic macroinvertebrates in the surrounding lower 
York River. ~rhe benthic invertebrates are especially valuable for such 
studies of potential pollutants since they include many different phyla, 
are comparatively non-motile, have life cycles to sample at reasonable 
seasonal intervals, can be sampled quantitatively and indicate not only 
present but also past water quality conditions (Virnstein, 1972). 
This :final report, which includes data from an interim report 
(Virnstein., 1973), aims to define the existing conditions in the lower 
York River with respect to the benthic macroinvertebrates. A portion of 
this same area was earlier studied by Warinner and Brehmer (1966), and 
M. L. Wass (urrpublished). 
Methods 
Sampling 
Seven stations were established for sampling the benthic macro-
invertebrates (Figure 51 and Table 136). They are located on two 
transects, one off the VEPCO plant and the other between the Yorktown 
Coast Guard station and VIMS. 
Quarterly samples (February, May, August, and November) were 
taken at each station from May, 1972, through November, 1974. On each 
sampling date three replicate samples were taken at each station with a 
0.05 m2 Ponar grab. Samples were seived through a 1.0 nnn mesh screen, 
the retained sample fixed in formalin with the stain phloxine B added, 
and the organisms subsequently removed from the remaining sediment, 
identified, counted and retained in 70% alcohol • 
.Analyses 
Data from the three replicate grabs were pooled and analyses done 
on this pooled sample. Parameters measured or calculated for each 
sample were number of animals and density/m2, numbe~ of species, species 





















Tablel36. Locations of benthos sampling stations. 
N latitude W longitude Description 
North of VEPCO outfall channel, 
depth approx. 3 m, substrate 
silty sand 
North of VEPCO outfall channel, 
depth approx. 9 m, substrate 
silt 
Opposite side of river from VEPCO 
outfall channel, depth approx. 
9 m, substrate silt 
Opposite side of river from VEPCO 
outfall channel, depth approx. 
3 m, substrate silty sand 
West of Coast Guard pier, depth 
approx. 3 m, substrate silty 
sand 
West of Coast Guard pier, depth 
approx. 9 m, substrate silt 
Off VIMS tide gauge pier, depth 
approx. 9 m, substrate silt 
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Species diversity tends to be low in physically controlled or stressed 
ecosystems (Sanders, 1968), and therefore may be useful as an indicator 
of environmental stress. Most often used to measure species diversity 
is the Shannon index (H'). The Shannon index is based on information theory 
and includes the components of species richness (Q) and species evenness(J') 
(Margalef, 1958; Pielou, 1966). Species richness measures the number of 
species obtained per sample size, and species evenness measures how evenly 
the individuals are distributed among the species. These indices were 
calculated as follows: 
~ N" Ni 
H' = -z_ (~ log2(-) 1=1 N N 
S-1 d=-
ln N 
J' = H' /log s 
2 
where; S= number of species in 
N= number of individuals 
Nf number of individuals 
sample, 
in sample, 
of the ith species. 
The degree of faunalsUnilarity between two samples was measured, 
by the Czekanowski index (C2 ) which is a measure of the relative abundance 
of species common to a pair of samples being compared (Bray and Curtis, 
1957; Field, 1971). The Czekanowski index was calculated using log-
transformed abundances, with those species eliminated which were found in 
only one sample (and thus show no pattern). Patterns of faunal similarity 
were studied by constructing dendrograms using normal polythetic agglomera-
tive clustering with group average sorting strategy (Lance and Williams, 
I 
1966). I am indebted toR. J. Diaz for these sUnilarity analyses. 
Graphical analysis was also used as a powerful tool in comparing 
trends (coincidence of curves, seasonal trends, etc.). 
Results and Interpretations 
Total Fauna 
A total of 15,000 individuals were identified to 120 taxa, most to 
the species level. Polychaetes were by far the most abundant organisms, 
both species-wise and number-wise. Overall mean density of total individuals 
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2 
was 1263/m • The faunal community might be characterized as a "typical" 
poly-meso-haline assemblage (Boesch, 1971). Tables 137-147 present the total 
numbers of each species collected at each station each sampling date. 
Community pruram~ters are given in Table 148. 
Similarity Analysis 
Cluster analysis of the similarity coeffieients produced the dendro-
gram or tree·-diagram which groups similar samples and groups of samples 
(Figure 52). The first major split into branches separated shallow (3m 
deep) sand-s,ediment stations (Stations 1, 4, 5) from the deeper (lOrn deep) 
muddy-sediment stations (Stations 2, 3, 6, 7). The next major split or 
grouping was made with respect to sampling season. The most well defined 
groups contained stations of the same sediment type sampled at the same season. 
This clustering of samples in one season predominated over clustering of 
samples from the same year or the same station. SOme seasons, particularly 
fall and winter, did show some tendency to form li.Sakly-·related groups. The 
weakest grouping was one station with itself in different seasons or even 
the same season in different years. However, station 1 did tend to group 
with itself in different seasons. Thus the community species composition 
is highly temporally variable. 
Dominant Species 
The dominant species, both in terms of number of occurrences and 
number of individuals, are listed separately for the shallower sand 
stations and the deeper mud stations (Table 149). Four of the top six 
species are the same from both sediment types: the polychaetes Paraprjon.Q.spio 
pinnata, Gly~inde solitaria and Heteromastus filifonnis and the opisthobranch 
gastropod Ac:teocina canaliculata. Some of the dominant species change 
seasonally or yearly, but the lists of species in Table 149 would include 
the bulk of the individuals of most every sample. 
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Table 137. Number of organisms in three one-twentieth m2 grabs at each 
of seven stations. May 11, 1972. 
Station No. 
Taxon 1 2 3 4 5 6 7 
POLY CHAETA 
Asabellides oculata 3 1 1 1 
/ Cirratulus grandis 1 6 61 14 171 
Chaetopterus variopedatus 3 
Clymenella torquata 44 42 4 
Eteone hetero·Qoda 5 
Glycera dibranchiata 4 1 1 1 
Glycinde solitaria 16 5 3 1 
GYJ?tis vitta.ta 1 
Harmothoe sp. 5 4 3 7 
Heteramastus filiformis 5 20 
Lumbrineris fra.gilis 1 2 
Melinna. maculata 1 
Nephtys incisa 3 l4 l9 l5 l3 
Nereis succinea 5 4 1 
Paleonotus heteroseta. 1 1 
Paraprionospio pinnata. 97 1 2 1 
Pectinaria gouldii 2 1 
Phy11odoce arenae 1 
Pista. palmata 1 1 
Po1ydora. 1igni 20 11911 
Pseudeurythoe pa.ucibra.nchiata 7 41 28 3 42 13 
Sco1eco1epides viridis 6 5 1 
Sco1op1os fragilis 23 9 10 
Sigambra tentaculata 1 
Spio sp. 1 
s·12iochaetopterus costa.rum oculatus 5 
Spiophanes bombyx 1 
Tharyx setigera 
OLIGOCHAETA 
I Peloscolex gabriellae 1 2 6 
GASTROPODA 
Acteocina (Retusa)cana.1iculata 16 6 7 11 17 2 1 
Gastropod A 1 
BIVALVIA 
.Amygdalum papyria 2 5 1 1 
Ensis directus 1 2 7 2 1 1 
!'iY.§_ arenaria 1 1 1 1 
Bivalve A 1 1 
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Table 137( continued) 
Station No. 
Taxon 1 2 3 4 5 6 7 
CRUSTACEA 
Ampelisca verrilli 5 1 7 4 2 1 
Corophiidae sp. 3 
Edotea triloba 1 
---Leucon ameri~ 4 3 1 2 
Listriella clymenellae 4 l 
Monoculodes edwardsi 1 1 1 l 
Neom.ysis americana 7 4 27 
Ogyrides l:i.micola 38 15 1 26 29 
Oxyurosty1is smithi 3 
CNIDARIA. 
Bougainvillia rugosa 3 3 
Cerianthiopsis americanus 2 1 2 2 
Diadumene leucolena 1 2 
Ectopleura dlJJUortieri 2 
Edwardsia elegans 3 1 2 2 1 7 3 
Hartlaubella gelatinosa 4 
Sertularia argentea 3 2 3 
ECHINODERMATA 
Amphiodia at£§:. 3 9 17 3 11 
HEMICHORDATA 
Saccoglossus kowalewskii 2 l 1 
PHORONIDEA 
Phoronis ~11eri 5 2 2 
Phoronis psarnmophi1a 8 16 4 
TUBBELLARIA 
Platyhelminth A 1 
RHYNCOCOELA 
Nemertean A 3 1 l l 
ECTOPROCTA 
Aeverrillia armata l 21 2 7 
Anguinella palmata 7 
Membranipora membranacea 4 7 2 
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Table 138. Number of organisms in three one-twentieth m2 grabs at each 
of seven stations. August 9, 1972. 
Station No.· 
Taxon 1 2 3 4 5 6 7 
POLYCHAETA 6 2 
Asabellides oculata 2 2 
ca·ei tella ca·Qitata 2 
Cirratulus grandis 14 -=< 5 1 ,.) 
Clymenella torquata 1 
Glycinde solitaria 6 11 13 1 
Ha rrnothoe sp. 1 1 
Heteromastus filiformis 1 3 3 3 
Lumbrineris fragilis 1 
Maldanidae sp. 2 
Ne]2ht;ys inc is a 14 12 20 14 
Nereis succinea 2 4 4 
Para:Qrionos·QiO 12innata 3 1 1 1 
Pol;ydora sp. 1 2 
Pseudeurythoe paucibranchiata 54 2 18 7 
Scolele]2iS bousfieldi 2 1' 
Scolo]210s fragilis 4 
Sigambra tentaculata 4 2 3 
S]2iochaeto:12terus cost arum oculatus 1 1 
SJ2iO'J2hanes bomb~ 1 3 
StreblOSJ2iO benedicti 1 4 
GASTROPODA 
Acteocina (Retusa) canaliculata 4 1 7 42 1 
Nassarius vibex 1 
BIVALVIA 
Mulinia lateral is 3 4 2 
CRUSTACEA 
Am:12elisca verrilli 2 1 4 
Listriella clymenellae 1 
Monoculodes edwardsi 1 
Neom.y:sis americana 1 
Og;yrides limicola 1 2 
CNIDARIA 
Bougainvillia rugosa 1 1 
Cerianthio]2sis americana 7 
Hartlaubella gelatinosa 




Taxon 1 2 3 4 5 6 7 
ECHINODERMATA 
Amphiodia at!§_ 1 
HEMICHORDATA 
Saccog1ossus kowa1ewskii 2 1 
PHORONIDEA \ 
Phoronis mue!lleri 2 2 
Phoronis psammophila 5 1'7 6 
TURBELLARIA 1 
RHYNCOCOELA 
Nemertean 2 1 13 4 
Nematode 1 1 
ECTOPROCTA 
Aeveri11ia armata 2 1 1 2 
Membranipora. membranacea 2 
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Table 139.Number of organisms in three one-twentieth m2 grabs at 
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Table 139. (continued) 
Station No. 
Taxon 1 2 3 4 5 6 7 
CRUSTACEA 
AmJ2elisca s:p. 1 6 
AmJ2elisca abdita 1 9 
---Ampelisca verrilli 2 
Balanus imJ2rovisus 1 
CyclasJ2iS va.rians 4 
Edotea triloba 1 2 1 4 4 
LeJ2tocuma miE:.2f. 1 
Leucon a.meri.canus 1 
Neomysis americana 1 1 1 4 
Ogyrides li.micola 1 4 2 
Pa.racaJ2rellc~ tenuis 13 1 1 2 
Pinnixa retinens 1 
-----
CNIDARIA 
Cerianthiop:: is americanus 4 1 7 
Edwardsia. elega.ns 3 1 2 
Edwards ia ? sp. 1 2 3 3 1 
Ectopleu:ra ~Lumortieri 3 
LeJ2togorgia virgu1ata 1 
Sertularia. §trgentea 1 
ECHINODERMATA 
AmJ2hiodia ai~ 2 ':{ 
-' 
Holothuroidea sp. 1 
HEMICHORDATA 
Saccoglossw~ kowalewskii 2 4 2 1' 
UROCHORDATA 
Mo1gula manhattensis 7 2 
PHORONIDEA 
Phoronis muelleri 2 4 5 
Phoronis psanunophila 4 16 11 
TURBELLARIA 
Stylochus e11i]2ticus 1 
RHYl'iJCOCOELA 
Nemertea A 12 1 5 10 1 
Nemertea B 1 
Nematoda sp. 3 1 4 2 
FORAMINIFERA 1 
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Table 140. February 8, 1973. List of species at each station and 
the number present in three replicate 0.05 m2 grab samples. Numbers x6.67= number/m2. 
Station 
·sand Mud 
Species l 4 2 2 3 6 '1 
POLYCHAETES 
Arabella irricolor l 
Asabellides oculata 2 
Cl;y}genella torquata 3 l 
Eteone heteropoda 4 
Glycera dibranchiata 3 
Glycinde solitaria 8 5 4 4 
Gyptis vittata l l 
Harmothoe sp. 2 ll 
Heteromastus filiformis 2 3 l 5 5 3 
Hydroides dianthus 20 
Loimia medusa 1 l 
Nephtys incisa l ~ 4 4 
-' 
Nereis succinea l 91 l l 6 4 
Paraprionospio pinnata 5 l 31 5 55 6 6 
Pectinaria_gouldii l 4 l 
Polydora ligni 280 
Polydora websteri l 5 l 
Pseudeurythoe paucibranchiata l 18 12 l l2 
Sabella microphthalma 9 l 
Sabellaria vulgaris 25 l 33 
Scoloplos robustus 3 2 4 
Spiochaetopterus costarum l l 
Spiophanes bombyx 2 l 
Streblos·pio benedicti 2 l l 
Thar;zx setigera l 8 
OLIGOCHAETES 
Peloscolex gabriellae 4 4 8 6 8 
AMPHIPODS 
Ampelisca abdita l l 12 
hupelisca vadorum 2 2 
Ampi thoe longimana 3 
Corophium acherusicum l 
Corophium tuberculatum 2 
Gammarus mucronatus 
Leptocheirus plumulosus 2 3 
Listriella barnardi l 
Melita nitida l 
Paracaprella tenuis l 6 8 
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Table 140. February 8, 1973 (cont 'd.) 
Station 
Sand Mud 
s·pecies 1 4 5 
OTHER CRUSTACEANS 
2 3 6 7 
Balanus improvisus 1 
Callinectes sapid~ 1 
Cyathura -poli ta 1 
Edotea triloba 1 1 1 1 
Leucon americanus 1 2 1 1 7 
Neom.ysis americana 1 1 
Ogyrides limicola 3 3 2 1 
Oxyurostylis smithi 1 
Sarsiella zostericola 1 
BIVALVES 
Anadara transversa 1 
Ensis directus 1 
Lyonsia hyalina 3 2 
Mercena.ria mercenaria 1 
Mulinia lateralis 1 1 7 5 10 
~ a.renaria 40 
Tellina versicolor 1 
GASTROPODS 
Acteocina canaliculata 24 4 15 14 41 21 29 
Acteon -punctostriatus 2 2 2 6 2 1 
Crepidula fornicata 2 1 
Doridella obscura l 1 
Elysia catula l 
Epitonium rupicolwn 1 l 
Eupleura caudata l 
Haminoea solitaria 4 1 
Mangelia plicosa 1 1 
Nassarius vibex 2 1 
CNIDARIA 
Cerianthiopsis america.nus 1 1 4 
Diodurnene leucolena 38 3 
Edwardsia elegans 2 2 4 1 
Gonothyraea loveni 1 
KINORHYNCH 
Trac4ydemus la.ngi 1 
PHOROlliDS 
Phoronis sp·p. l 1 2 
RHYNCHOCOELS 
Nematode spp. 4 8 2 2 
Nemertean spp. 1 2 2 1 
ECHINODERM 
Micropholis atra 1 7 
UROCHORDATE 
Molgula manhattensis 79 47 13 
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Table 141. May l) 1973· List of s-pecies at each station and the numper 
present in three re-plicate 0.05 m2 grab samples. Number x6.67 = number/m2. 
Station 
Sand Mud 
S'Qecies l 4 5 2 3. 6 7 
POLYCHAETES 
Asabellides ocu1ata 3 6 14 27 
Clymenella torquata 9 7 
Eteone heteropoda 2 4 l l l 
Glycera dibranchiata 1 l l l 
Glycinde solitaria 7 45 6 2 l 2 6 
Gyptis vi ttata 2 
Heteromastus filiformis 19 104 10 4 6 7 8 
Melinna maculata l l 
Nephtys incisa 2 3 6 2 
Nereis succinea 1 8 4 2 
ParaQrionos·f2io pinnata 6 6 2 
Pectinaria gouldii 1 l l 
Polydora websteri 1 
Pseudeurythoe paucibranchiata l 80 106 7 8 
Sabellaria vulgaris 1 
Scolecole·f2ides Viridis 2 
scolelepis sg_uamata 5 
Scoloplos robustus l 17 6 
Sigambra tentaculata 3 2 l 
S,12iochaeto12terus costarum 2 5 
Sf2iophanes bomby:x: 4 4 
Streblospio benedicti 14 40 5 7 1 2 6 
OLIGOCHAETE 
Peloscolex gabriellae l 2 l 21 3 ll 10 
AMPHIPODS 
Amf2elisca abdita 7 5 l l l 
Amf2elisca vadorum l l 
Gammarus mucronatus 2 
Monoculodes edwardsi 7 l 
Paracaprella _tenuis l 
OTHER CRUSTACEANS 
Callinectes sapidus l 
Edotea triloba 2 1 l l l 
Leucon americanus l 7 3 16 
Neomysis americana 5 l 4 
Oxyurostylis smithi 2 2 
Pinnixa retinens 
BIVALVES 
Pmygdalum ·12a12yria l 6 l 
Gemma gemma 26 
Macoma balthica 6 5 4 3 l 
Mulinia lateralis l 6 l 2 127 
~ arenaria 7 29 
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Table 141. May 1, 1973 (cont 'd.) 
Station 
Sand Mud 
Species l 4 5 2 3 6 7 
GAIS1'ROPODS 
Acteocina canaliculata 25 23 8 l ll 14 
Acteon ·punctostriatus 6 3 5 8 6 
Haminoea 8olitaria 4 7 
Odostomia bisuturalis 5 
Ryramidella candida? l l l 
CNID.ARIA 
Cerianthiopsis americanus 2 
Diadumene leucolena 2 
Edwardsia elegans 2 4 
. RHYNCHOCOELS 
Nematode spp. 34 13 4 l 
N emert ean s·pp. l 7 l 3 
PHORONIDS 
Phoronis muelleri 6 4 
Phoronis -psammo-phila l 2 2 
ECHINODERM 
Micropholis atra. l 
HEMICHORDATE 
Saccoglossus kowalewskii 2 2 
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Table 142. August 13, 197~· List of species at each station and 
the number present in three 0.05 m replicate grab samples. Numbers x6.67=·number/m2. 
Station 
Sand Mud 
SQecies l 4 2 2 3 6 1 
POLYCHAETES 
Asabellides oculata 2 
Clymenella torguata 6 2 1 2 
Eteone heteropoda 1 1 
Glycera dibranchiata 2 3 
G1ycinde so1itaria 20 34 36 l 3 3 3 
Harmothoe sp. 6 l ll 
Heteromastus fi1iformis 5 9 l2 1 2 3 
Nephtys incisa 3 4 8 4 
Nephtys magellanica 1 
Nereis succinea 6 10 1 1 l 
Palaeonotus heteroseta 1 1 2 5 
Paraprionospio ·pinnata 22 9 17 15 45 14 
Pectinaria guo1dii 1 
Pseudeurythoe paucibranchiata 27 2 17 68 86 105 
ScolecoleJ2ide§ viridis 2 l 
Sco1e1epis squamata 4 
Scoloplos robustus 4 6 2 l 1 
Sigambra.tentaculata 5 2 4 7 5 
Spio setosa 1 
Spiochaetopterus cost arum 16 42 8 l 2 l 
Tharyx setigera 2 1 1 4 
Unid. s·p. 1 l 
OLIGOCHAETE 
Pe1oscolex gabriel1ae 2 2 
AM.PHIPODS 
Ampelisca abdita 2 10 3 3 8 
AmQelisc a vadorum 1 2 l 4 
Listrie1la c1ymene1lae 2 3 
Paraca12rel1a tenuis 1 
OTHER CRUSTACEANS 
Callinectes sapidus 1 
Cyathura po1ita l 
Edotea ,triloba 7 4 
Leucon americanus 1 2 1 1 1 
Neomysis americana 
Ogyrides limicola 2 
Sarise1la zostericola 1 
· BIVALVES 
Arn.ygdalum papy:ria 1 
Macoma balthica 1 
Mulinia lateralis 6 14 5 1 
~ arenaria 4 
Te1lina versicolor 1 
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Table 142. August 13, 1973 (cont'd•) 
Station 
Sand Mud 
SJ2ecies 1 4 2 2 3 6 7 
GASTROPODS 
Acteocina canaliculata 5 11 2 1 ll 2 3 
Haminoea solitaria 8 
Nassarius vibex 2 
Pyramidellid s~. 1 
Turbonilla interru12ta 1 
CNID.ARIA 
CerianthiOJ2Sis §mericanus 1 1 
Diadumene leucolena 2 7 
Edwardsia elegans 14 16 1 1 
RHY.NCHOCOELS 
Nematode s-pp. 2 11 l 1 
Nemertean s~·p. ll l 4 2 3 2 2 
PHORONIDS 
Phoronis muelleri l 6 ll 8 
Pbyronis J2sammophila 21 114 12 
ECHINODERM 
MicroJ2holis atrE!:._ 4 1 5 
UROCHORDATE 
Molgula manhattensis 3 
HElVliCHORDATE 
Saccoglossus kovralewskii 1 2 1 l 
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Table 143. November 26, 1973. List of species at each station and the 
number present in three 0.05 m2 replicate grab samples. Numbers x6.67= number/m2. 
Station 
Sand Mud 
s·l2ecies l 4 2 2 3 6 I 
POLYCHAETES 
Arabella irricolor l 
Cirratulus grandis l 
Clymenella torguata 3 
Eteone heteropoda l l l 
Glycera dibranchiata 3 4 
Glycinde solitaria 37 32 21 6 7 8 
Gyptis vittata 2 2 ll 
Harmothoe sp. l 6 
Heteromastus filiformis 16 l 4 2 4 
Lo:irnia medusa l 
Neehtys incisa 2 l 
Nereis succinea 4. l 7 3 l 3 
Paranaitis speciosa l 
Paraprionospio pinnata 158 35 33 17 20 88 97 
Pectinaria gouldii l l 
Pbyllodoce arenae 2 
Pseudeurythoe 12auc ibranchiata ll 6 15 85 109 
Scolelepis squamata l 8 l 
Scoloplos robustus 2 l l 
Sigarnbra tentaculata 6 3 3 10 
seiochaetol2terus costarum 9 6 5 l l 
s·!2iophanes bombyx l2 3 
Streblospio benedicti l 
Tharyx setigera ll 
OLIGOCHAETE 
Peloscolex gabriellae l 5 5 2 
AMPHIPODS 
Am!2elisca abdita 2 2 5 l 
Am12elisca verrilli 14 3 
Leptocheirus plumulosus l 
Listriella cl~enellae 6 
Paraca:prella tenuis 2 
OTHER CRUSTACEANS 
Balanus improvisus l 
Edotea triloba l 
Leucon americanus 4 2 4 
Neomysis americana l l 
Ogyrides limicola 2 4 10 20 
Sarsiella zostericola l 
BIVALVES 
Macoma balthica l 
Mercenaria mercenaria l 2 
Montacuta elevata l 
~ arenaria l l 
Tagelus divisus l 
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1'able 143. November 26, 1973 (cont'd.) 
Station 
Sand Mud 
seecies 1 4 2 2- 3 6 7 
GASTROPODS 
Acteocina canaliculata 22 27 16 5 2 2 1 
Acteon :12unctostriatus 1 
Nassarius vibex 3 
Odostomia bisutu.ralis 1 1 2 
Turbonilla interrupta 3 1 
CNIDARIA 
CerianthioJ2sis §mericanus 1 1 
Diadumene leuco1ena 1 
Edwardsia elegans 14 2 3 1 3 
RHYNCHOCOELS 
Nematode spp. 2 29 9 3 1 
Nemertean s:pp. 2 3 1 
TURBELLARIA 
EuJ2lana grac ili:::~ 1 
Stylochus ellipticus 1 
PHORONIDS 
Phoronis muelleri 1 1 4 30 
Phoronis ·esammo-phila 140 10 103 
ECHINODERM 
MicroJ2holis atra 1 8 
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Table 144. February 14, 1974. List of species at each station and the 
Numbers x6.67= number/m2. number present in three 0.05 m2 replicate grab samples. 
Station 
Sand Mud 
SJ2ecies l 4 2 2 3 6 I 
POLYCHAETES 
Arabella irricolor l 
Asabellides oculata l 4 2 2 
Clymenella torquata 6 4 
Eteone heteropoda 5 l 6 l 
Glycera dibranchiata l 2 l l 
Glycinde solitaria 6 15 10 4 4 9 9 
Harmothoe sp. l 7 
Heteromastus filiformis 8 12 7 9 5 
Hydroides dianthus l 
Loimia medusa l 
Maldano-ps is elongata l 
Nephtys incisa l l l 5 
Nereis succinea l 6 10 l l 10 13 
Palaeonotus heteroseta 2 
Paraprionospio ·pinnata 13 4o 47 45 43 91 123 
Pbyllodoce arenae l 
Polydora ligni 691 5 l l 84 22 
Pseudeurythoe ·12aucibranchiata 2 l 4 21 46 
Sabella microphthalma l 2 
Scolelepis sguamata l 
Scoloplos robustus 3 2 3 
Sigambra tentaculata l l 5 7 
Spio setosa l 
Spiochaetopterus costarum 2 2 2 
Spiophanes bombyx 4 13 
Streblospio benedicti 50 7 12 
Syllidae sp. l 
Tharyx setigera 18 
OLIGOCHAETE 
Peloscolex gabriellae 2 5 l 7 3 
AMPHIPODS 
AmJ2elisca abdita 7 13 l l 2 l 
AmJ2eli~ca vadorum 2 10 
AmJ2elisca Verrilli 5 3 
Batea catharinensis 15 
Corophium acherusicum l 26 
Corophium tuberculatum l l 318 
Gammarus mucronatus 2 
Melita. nitida 7 
Paraca:12rella tenuis l l 13 
OTHER CRUSTACEANS 
Balanus improvisus ll 
Edotea triloba 2 3 
Leucon americanus 1 2 2 4 
Neomysis americana l l 
Neopanope texa.na sayi 1 
Ogyrides limicola 1 l 3 21 
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Table 144. February 14, 1974 (cont 'd.) 
Station 
Sand Mud 
seecies 1 4 5 2 3 6 1 
BIVALVES 
Gemma gemma 1 1 
Mulinia 1ateralis 4 22 2 1 2 1 
~ arenaria 4 3 
Tellina versicolor 2 
GASTROPODS 
Acteocina cana1iculata 15 15 2 8 3 6 
Cratena pilata 1 1 
Crepidula fornicata 1 
Odostomia bisuturalis 2 
Py-ramidella fu:::~ 1 
CNIDARIA 
Cerianthioesis americanus 2 
Diadumene leucoloena 1 3 
Edwards ia elegc~ 7 4 1 3 
RHYNCHOCOELS 
Nematode spp. 1 4 2 2 3 
Nemertean spp. 1 4 3 2 2 
TURBELLARIANS 
Euplana gracilis 4 
Stylochus ellipticus 1 4 
PHORONIDS 
Phoronis muelleri 1 




Saccoglossus kowalewskii 1 1 
'' 
Table 145. Total number of each species in three 0.05m2 
replicate grabs at each of seven stations, 
(numbers x 6 2/3 = number/m2), and total species, 
individuals, density, diversity, richness and evenness. 
May 10, 1974 
Sand Station Mud 
1 4 5 2 3 6 7 
OLIGOCHAETES 
Peloscolex gabriellae 2 5 4 3 
POLYCHAETES 
Ancistrosyllis jonesi 1 2 
Arabella irricolor 1 
Asabellides oculata 1 1 10 12 
Clymenella torguata 2 1 
Eteone heteroEoda 2 2 
Glycera dibranchiata 6 3 1 
Glycinde solitaria 6 14 12 1 11 8 8 
Gwtis vittata 2 1 2 
Harmothoe sp. 16 
Heteromastus filiformis 17 15 18 3 11 5 12 
NeEhtys incisa 3 3 4 1 w 1-' 
Nereis succinea 5 7 4 N 
Palaeonotus heteroseta 1 3 
ParaErionosEio Einnata 6 2 24 18 100 108 131 
Pectinaria gou1dii 1 3 
Po1ydora ligni 2 2 3 2 
Pseudeurythoe sp. 18 40 120 145 
Sabella microEhtha1ma 1 
Sco1oElos robustus 8 2 10 1 2 1 
ScoleleEis squamata 5 1 
Sigambra tentaculata 5 16 15 13 
SEio setosa 1 1 
SEiochaetoEterus oculatus 20 1 1 
SEioEhanes bombyx 6 
Streb1osEiO benedicti 18 27 47 1 6 3 3 
Thar;yx setigera 1 1 1 1 76 
Table 145. (continued) 
Station 
Sand Mud 
1 4 5 2 3 6 7 
CRUSTACEANS 
Ampelisca abdita 1 5 1 1 
Ampelisca verrilli 1 
Corophium tuberculatum 7 
T .ettcon ~=my:>ri cannl'l 1 23 9 19 
Mbnoculodes edwardsi 1 1 
Neomysis americana 1 1 1 3 
Ogyrides limicola 4 6 12 
Oxygrostylis smithi 1 1 1 
Pinnixa retinens 1 
MOLLUSCS 
Acteocina canaliculata 1 3 3 3 3 
bivalve A 1 
Gemma gemma 1 
Mulinia lateralis 1 3 1 
~ areriaria .. 1 2 1 
Tellina versicolor 1 
w OTHER TAXA t-' w Cerianthiopsis americanus 1 3 
Diadumene leucolena 1 
Edwardsia elegans 1 1 1 1 4 
Euplana gracilis 2 
Micropholis atra 10 
Molgula manhattensis 1 1 
Nemertean (uniden~) ~ 1 ~ 
.L 
Phoronis muelleri 2 7 5 17 
Phoronis psammophila 15 2 
Number of species 16 21 15 16 22 29 31 
Total individuals 76 117 147 63 242 335 510 
Density (Noofm2) 507 780 980 420 1613 2233 3400 
Species diversity (H') 3.24 3.47 2.94 3.08 2.99 2.95 3.24 
Species richness 3.46 4.20 2.81 3.62 3.83 4.82 4.81 
Species evenness 0.81 0.79 0.75 o. 77 0.67 0.60 0.65 
'' 
Table 146. Total number of each species in three 0.05m2 replica~e grabs 
at eac~ of seven stations(numbers x 6 2/3 =number m ), and 
total species, indiviudals, density, diversity, richness and evenness. 
August 8, 1974 
Station 
Sand Mud 
1 4 5 2 3 6 7 
OLIGOCHAETES 
Peloscolex gabriellae 1 5 
· POLYCHAETES 
Ancistrosyllis jonesi 1 5 1 
Asabellides oculata 4 
Cirriformia filigera 1 
Clymenel1a torquata 9 4 
Eteone heteropoda 1 
G1ycera americana 1 
G1ycera dibrahchiata 2 10 6 1 
G1ycinde so1itaria 22 14 21 43 10 3 9 
Ha:rmothoe sp. 2 3 
Heteromastus fi1iformis 9 14 39 9 1 15 2 
Loimia medusa 1 w 
Nephtys incisa 4 3 2 I-' 
.p. 
Nereis succinea 4 2 23 15 5 7 
Pa1aeonotus heteroseta 2 
Paraprionospio pinnata 27 21 22 63 13 34 35 
Pectinaria gouldii 10 2 3 12 
Phyllodoce arenae 1 
Po1ydora ligni 1 
Pseudeurythoe sp. 18 12 8 96 16 
Sabella microphthalma 1 8 
Sabe1laria vulgaris 5 45 
Scolelepis squamata 9 1 
Sco1oplos robustus 18 1 1 10 2 
Sigambra tentaculata 9 11 6 15 3 
Spiochaetopterus oculatus 12 8 9 1 1 
Sp iophanes bombyx 6 
Tharyx setigera 4 2 3 8 
Table 146. (continued) 
Station 
Sand Mud 
1 4 5 2 3 6 7 
CRUSTACEANS 
Ampelisca abdita 3 7 1 
Ampelisca vadorum 1 
ATn-no 1 ; <>r>~ ,,,..,...,..; 11 ; 
·-~~---~-- ·------- 4 4 Caprella geometrica 2 5 
Corophium sp. 1 2 11 
Edotea triloba 
Erichthonius prasiliensis 3 
Leptochelia rapax 6 
Leucon americanus 2 2 
Listriella clymenellae 1 1 1 1 
Melita nitida 3 
Neomysis americana 9 
Neopanope sayi 1 
Ogyrides limicola 1 
Paracaprella tenuis 3 55 
Sarsiella zostericola 1 1 1 
MOLLUSCS w I-' 
Acteocina canaliculata 4 12 11 7 12 12 4 Vl 
Acteon punctostriatus 1 1 1 
Amygdalum papyria 1 
Crepidula fornicata 1 
Epitonium rupicolum 1 
Lyonsia hyalina 1 1 
Mi trella lunata 1 
Mulinia lateralis 1 2 2 1 1 1 8 
Nassarius vibex 1 
Odostomia bisuturalis 1 1 
Pyramidella sp. 2 
Tellina sp. 1 1 1 
' . .. 
Table 146 (continued) 
Station 
Sand Mud 
1 4 5 2 3 6 7 
OTHER TAXA 
CerianthioEsis americanus 1 
Diadumens leucolena 5 1 
Edwardsia elegans 3 12 3 1 1 1 3 
Edwardsia siEuncu1oides 1 
EuE1ana gracilis 1 
Gobiosoma bosci 1 1 
MicroEholis atra 1 2 
Mol~la manhattensis 13 
Nemertean (unident.) 1 4 1 1 1 4 
Phoronis muelleri 4 4 16 1 
Phoronis 2sammoEhila 147 79 186 
Saccoglossus kowalewskii 1 




Number of species 28 23 29 21 17 24 37 
Total indivudals 321 210 363 189 67 232 279 
Density (No./m2) 2140 1400 2420 1260 446 1546 1860 
Species diversity (H') 3.18 3.36 2.84 3.17 3.40 3.09 4.21 
Species richness 4.68 4.11 4.75 3.82 3.81 4.22 6.32 
Species eve1mess 0.66 0.74 0.58 0.72 0.83 0.67 0.81 
.,., .. 
Table 147. Total number of eacp species in three 0.05m2 
replicate grabs at each of ~even stations 
(numbers x 6 2/3 = number/m ) and total species, 
individuals, density, diversity, richness and evenness. 
November 14, 1974 
Station 
~--...3 M"-..ld .;)d.L1U 
1 4 5 2 3 6 7 
OLIGOCHAETES 
Peloscolex gabriellae 1 2 3 
POLYCHAETE$ 
Asabe11ides ocu1ata 2 
Clymenella torguata 1 
Glycera americana 1 
Glycera dibranchiata 1 6 1 
G1ycinde so1itaria 1 20 6 9 9 1 2 
Gyptis vittata 2 1 1 
Harmothoe.sp. 1 1 
Heteromastus fi1ifonnis 26 45 5 5 31 9 
· Loimia medusa 1 3 w 
Nereis succinea 11 11 5 2 1-' ~ 
Palaeonotus heteroseta 
Paraprionospio pinnata 2 9 24 43 93 143 103 
Pectinaria gou1dii 1 1 1 2 
Po1ydora 1igni 2 1 
Pseudeurythoe sp. 25 15 13 3 
Scolelepis sguamata 5 
Sco1oplos robustus 1 1 1 1 
Sigambra tentaculata 8 5 11 7 
Spiochaetopterus ocu1atus 8 8 35 3 1 3 
Spiophanes bombyx 2 1 
Streblospio benedicti 2 2 
'' Table 147 (continued) 
Station 
Sand Mud 
-1 4 5 2 3 6 7 
CRUSTACEANS 
Am~elisca abdita 12 12 1 
Am~elisca verrilli 1 
Callinectes sa~idus 1 
Coraphium sp. 5 1 3 
Cyathura burba~cki 2 
Edotea triloba 1 1 
Leucon americanus 5 3 1 1 
Listriella barnardi 3 1 
Listrie1la c1ymenellae 1 4 
Neomysis americana 3 1 1 
Ogyrides 1imico1a 11 7 1 11 
Sarsiel1a texana 2 
MOLLUSCS 
Acteocina canaliculata 1 6 13 14 24 7 2 
Epitonium rupicolum 1 
Gemma genma 1 
Haminoea so1itaria 7 
Mercenaria mercenaria 1 VJ 1-' 
Nassarius vibex 1 1 00 
OTHER TAXA 
Cerianthio~si~ americanus 2 
Edwardsia e1egans 1 3 3 1 5 3 1 
Micropholis ~ 1 1 
Nemertean (unident.) 4 1 2 2 1 
Phoronis muelleri 5 23 5 
Phoronis psammophi1a 13 86 1 
Saccoglossus kowalewskii 1 
Sagitta sp. 1 
Number of species 11 27 18 18 23 23 14 
.Total individuals 26 133 241 140 208 240 143 
Density (No./m2) 173 887 1607 933 1387 ·1580 953 
Species diversity (H') 2.99 3.92 2.86 3.25 2.97 2~'39 1.71 
Species richness 3.07 5.32 3.10 3.44 4.12 3.84 2.62 
Species evenness 0.86 0.82 0.68 0.78 0.66 0.53 0.45 
~ ., .. 
Table 148. Community parameters of quarterly samples calculated from 
three pooled o.os.m2 replicates. Parameters listed are number 
of individuals, density, number of species, species diversity, 
richness and evenness. 
Station 
Sand Mud 
~Iurnber of 1 !t 5 2 3 6 7 X 
individuals May 72 297 294 85 47 86 138 303 
Aug " 34 70 91 36 93 68 34 
Nov " 130 220 149 48 157 114 137 
Feb 73 69 639 (359*) 86 50 289 91 103 
May " 107 361 125 158 143 107 266 
Aug " 207 302 108 61 126 189 185 
Nov " 448 172 223 38 67 225 315 
Feb 74 95 899 (208*) 192 62 69 379 703 (385*) 
May It 76 117 147 63 242 335 510 
Aug " 321 210 363 189 67 232 279 
Nov " 26 133 241 140 208 237 143 
X 165 311 166 81 141 192 270 189 
Density2 May 72 1981 1961 567 313 573 920 2021 (No./m ) Aug " 227 467 607 240 620 454 227 \.;.) 
Nov " 867 1467 994 320 1047 760 917 1-' \0 
Feb 73 460 426 (2393*) 573 333 1927 607 687 
May" 713 2407 833 1053 953 713 1713 
Aug 11 1380 2013 720 407 840 1260 1233 
Nov " 2987 1147 1487 253 447 1500 2100 
Feb 74 633 5993 (1387"'') 1280 413 460 2527 4687 (2566"'') 
May " 507 780 980 420 1613 2213 3400 
Aug 11 2140 1400 2420 1260 446 1546 1860 
Nov " 173 887 1607 933 1387 1580 953 
Table 148 (continued) 
Station 
Sand Mud 
Number of 1 4 5 2 3 6 7 X 
species May 72 31 26 23 19 23 24 25 
Aug 11 14 16 18 6 14 13 11 
Nov " 24 31 21 17 26 22 24 
Feb 73 21 39 (38~--) 26 11 41 21 12 
May II 16 33 27 20 18 20 22 
Aug 11 32 25 18 19 16 22 21 
Nov " 29 25 23 8 14 19 18 
Feb 74 14 34 (33*) 33 13 13 25 37 (36**) 
May II 16 21 15 16 22 29 31 
Aug 11 28 23 29 21 17 24 37 
Nov 11 11 27 18 18 23 22 14 
Diversity May 72 3.64 3.23 3.91 3.20 3.32 3.35 2.54· 
(H') Aug 11 3.54 3.29 2.89 1.93 2.32 2.96 2.68 
Nov 11 3.36 3.46 3.32 2.78 2.94 3.35 3.76 
Feb 73 3.48 3.00 (3. 54~") 3.51 2.61 3.99 3.74 3.16 \.>,) N 
May II 3.32 3.79 4.28 2.78 1.77 3.71 2.81 0 
Aug 11 4.28 3.27 3.28 3.25 2.53 2.68 2.67 
Nov 11 2.82 3.57 2.88 2.40 3.10 2.36 2.69 
Feb 74 2.48 1. 76 (4.24*) 4.10 1.77 2.12 3.12 3.13 (3.89*) 
May II 3.24 3.47 2.94 3.08 2.99 2.95 3.24 
Aug 11 3.18 3.36 2.84 3.17 3.40 3.09 4.21 
Nov 11 2.99 3.92 2.86 3.25 2.97 2.39 1.71 
... 
Table 148. (continued) 
Station 
Sand Mud 
1 4 5 2 3 6 7 X 
Richness May 72 1'\ ?7 ,, /,() 4.95 3.61 4.21 4.67 4.20 (s-1/ln N) -.,..., .. .,. .... Aug " 3.69 3.53 3. 77 L39 2.87 2.84 2.84 
Nov " 4.73 5.56 4.00 3.87 4.94 4.43 4.67 
Feb 73 4. 72 5.88 (6.29*) 5.61 2.56 7.06 4.43 2.37 
May " 3.21 5.41 5.38 3.75 3.43 4.07 3.76 
Aug " 4.03 2.91 2.52 3.04 2.15 2.78 2.66 
Nov " 3.18 3.23 2.82 L33 2.14 2.30 2.05 
Feb. 74 L98 3.36 (4.16*) 4.22 2.02 2.13 2.80 3.81 (4.19**) 
May " 3.46 4.20 2.81 3.62 3.83 4.82 4.81 
Aug " 4.68 4/11 4/75 3.82 3.81 4.22 6.32 
Nov " 3.07 5.32 3.10 3.44 4.12 3.84 2.62 
Evenness May 72 0.73 0.69 0.86 0.75 0.73 0.73 0.55 
(H'/log2S) Aug " 0.93 0.82 0.69 0.75 0.61 0.80 o. 77 w 
Nov " 0.73 0.70 0.76 0.68 0.63 0.75 0.82 N 1-' 
Feb 73 0.79 0.57 (0. 67*) 0.75 0.75 0.75 0.85 0.88 
May II 0.83 0.75 0.90 0.64 0.43 0.86 0.63 
Aug " 0.86 0.70 0.79 0.76 0.63 0.60 0.61 
Nov " 0.58 0.77 0.64 0.80 0.81 0.56 0.65 
Feb 74 0.65 0.35 (0.80*) 0.81 0.48 0.58 0.67 0.60 (0. 75~"*) 
May " 0.81 0.79 0.75 0.75 0.67 0.60 0.65 
Aug " 0.66 0.74 0.58 o. 72 0.83 0.67 0.81 
Nov 11 0.88 0.82 0.68 0.78 0.66 0.53 0.45 
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Figure 52. Dendrogram showing station similarity groupings 
based on Czekanowski's similarity index using group 
average sorting strategy for seven stations sampled 
quarterly over a two year period. 
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Table 149. Dominant species listed separately for 
the shallow (3m) sand stations and the 
deeper (10m) stations in approximate 
order of decreasing importance. 
Glycinde solitaria (P )'~' 
Paraprionospio pinnata (P) 
Heteromastus~ filifo:r.mis (P) 
Phoronis pscmmophila (Ph) 
Acteocina ccmaliculata (G) 
Glycera dibranchiata (P) 
Polydora lig;gi (P) 
Ampelisca abdita (A) 
Nereis succj~ (P) 
Spiochaetopterus oculatl.ls (P) 
Edwardsia elegans (.An) 
* KEY: A = amphipod 
.An = anemone 
C = cumacean 
G = gastropod 
Paraprionospio pinnata (P) 
Pseudeurythoe sp. (P) 
Acteocina canalicualta (G) 
Glycinde solitaria (P) 
Sigambra tentaculata (P) 
Heteromastus filiformis (P) 
Leucon americanus (C) 
Ogyrides limicola (S) 
Phoronis muelleri (Ph) 
Nephtys incisa (P) 
P = polychaete 
Ih= phoronid 
S = shrimp 
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Hurricane .Agnes 
The freshet from extra-tropical storm Agnes in June, 1972, affected 
the benthos of the Lower York River. The main effect was not a direct 
result of the lowered salinity, but rather due to the density stratification 
produced which caused oxygen depletion in the deeper waters (Jordan, 1973; 
Boesch, Diaz, Virnstein, 1974). Those species whose abundance declined 
sharply from May to August, 1972, and which did not recover, unless other-
wise noted, in the sand were: Clymenella torguata, Paraprionospio pinnata 
(recovered and became dominant), and Polydora ligni whose spring abundance 
is an annual phenomenon (Orth, 1971); and in the mud: Ogyrides limicola 
(some recovery by late '73-'74), Cirratulis grandis, Nephtys incisa, 
Micropholis ~, and Neomysis americana. Phoronis psammophila declined 
sharply in February, 1973, in perhaps a delayed response to killing or 
flushing out of larvae, but has now recovered. After Agnes, Parapr~onospio 
pinnata became more abundant at most stations (all mud stations). 
Seasonal and Temporal Patterns 
Total community parameters are presented in Table 148 and analyzed 
below. The shape of the species and density curves plotted in May, August, 
November, 1972 were typically"-shaped, probably due to Agnes (Figures 
53-59). Recovery seems to have been very rapid- a matter of months for 
most species. Otherwise, seasonal or yearly patterns were extremely hard 
to find. The most variable station was station 4, the station 
that was located with the least precision. However, both of the large 
density peaks were in February, and both were due to Polydora ligni. 
Total density ranged from 173-6000/m2, and was the lowest or near 
lowest in August, 1972, of any date at all stations. The most occurrences 
of yearly density minima and fewest maxima was in August. August therefore 
tends to be the month of lowest densities- of those months sampled- due 
probably to high predation and relative lack of recruitment. Additional 
evidence (Virnstein, unpublished data) suggests that density declines 
further into September for the same reasons. May and November had the 
fewest yearly minima and most yearly maxima of density. 
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Figure 53. Station 1. Community parameters May, 1972 
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1972, to November, 1974. 7: = values calculated 
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Thus maximum recruitment of individuals tends to be in the spring and fall. 
Otherwise, no consistent seasonal or year-to-year pattern could be found at 
any one station, let alone at all stations. The shapes of the plots of 
number of individuals were essentially the same as the plots of number of 
species at each of the individual stations, but was not consistent from 
station to station (Figures 53a-59b). 
The number of species was most often maxtmum and least often 
minimum in May (Figures 53b-59b). August was most often the month of 
minimum number of species. November had the fewest yearly maxima of number 
of species, yet had the most yearly maxima of number of individuals. 
Thus November seems to be a month Where very successful recruitment of a 
few species had occurred, While most successfulrecruitment with respect 
to number of species had occurred in May. There were no other consistent 
seasonal trends, and no year-to-year trends. The plots of species 
diversity (H') fluctuated around 3.5 bits/individual at the shallower 
sandy stations and 3.0 at the deeper muddy stations. The shape of these 
H' curves was most closely approximated by the evenness curves (Figures 
53c, e-59c, e). Large local maxima of H' were associated with peaks 
in species richness (although peaks in richness were not all associated 
with peaks in H'), While local minima of H' were associated with local 
minima of evenness (and vice versa). Minima in evenness were usually 
caused by severe dominance of one species, such as Polydora ligni (Figure 
54e). 
Discussion and Implications 
The most important finding of this phase of the study is that 
the macrobenthic invertebrate communities of the lower York River are 
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highly temporally variable without clear seasonal trends, based on the 
sampling scheme used. No consistent year-to-year trends were found. 
Thus one could not sample a station one year and then expect to find the 
same commw1ity the next year, or even the next season. It is possible 
that this <apparent problem could be due in part to patchy spatial 
distributions of the animals prese:1t. In this case, it could be 
alleviated someWhat by expanding the sampling design to include more 
stations and more samples per station. 
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Fish and Major Decapods 
by 
J. E. Illowsky and J. Colvocoresses 
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Methods and Materials - Beach Seine 
Nine pernnanent· beach seine stations were selected, five on the 
north shore, (in order of decreasing salinity, All, Bll, Cll, Dll, Dl2), 
and four on the south shore, (in order of decreasing salinity, B31, C31, 
C32, D31), of the York River (Table 150 and figure 60). These stations 
were sampled monthly. Three replicate hauls were made at each station 
with a 15.25 m bag seine, 1.8 m deep with a 1.8 m square bag, .64 em bar mesh 
in the wings and .48 em bar mesh in the bag. The replicate hauls were taken 
by walking out into the water 90° to the beach and then walking in a circular 
motion against the tide, (where significant), beaching the net and hauling 
in the catch. Where possible (stations Bll, Cll, C32, Dll) replicate hauls were 
taken by walking approximately 3 m down the beach between each haul. Some 
stations (All, B31, C31, Dl2, D31) did not have sufficient area to do this 
so replicates: were taken in the same place allowing approximately ten 
minutes betwe~en the samples. Due to the various topographies of the stations, 
it was necessary to seine at approximately mean water for most stations. All 
stations were~ accessible by truck in all weather, but sampling was not always 
possible. For instance, when winds were above 15 knots, the seine was 
blown off the~ bottom of the river. Bottom and shore characteristics for 
each sta~ion are listed in Table 150. The rooted plants, especially 
eelgrass, Zostera marina, are subject to seasonal fluctuations, for the most 
part dying off in the winter and reestablishing in the summer. Each of the 
replicate hauls was retained separately and preserved with a 10% formalin solution. 
Dissolved oxygen and salinity samples were taken at each station by immersing 
two sampling bottles simultaneously into the water at a depth of approximately 
• 3 mo Dissolved oxygen was determined by azide modification of the Winkler 
titration and salinity on a Beckman Model RS7B Induction Salinometer. Temperature 
was taken at each station by thermometer to the nearest 0.1 degree C. Fish were 
identified to species and for each species the number of individuals, the lengths 
(total or fork length where applicable) of 25 randomly selected individuals 
(when more than 25 were captured) and the total biomass of all the individuals 
of the species were taken. Length frequencies were taken starting in May 1973 
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Table 150. Beach seining station locations and conditions~ 
N w 
Station No. Latitude Longitude Bottom Shore 
All 37°15'53" 76°24'29" Sand Sand beach 
Bll 37°15'16" 76°26'55" Sand Low shrub 
Cll 37°14'51" 76°30'04" Sand Sand beach 
Dll 37°14'57" 76°30'22" Sand SEartina 
Dl2 37°17'15" 76°32'00" Mud SEartina 
B31 37°13'18" 76°25'28" Sand Sand beach-
sea wall 
C31 37°13 '05" 76°27 I 3111 Sand-rock Boulder-sea 
changed to wall 
mud in '73 
because of 
dredging 
C32 37°14'13" 76°30' 25" Sand Sand beach 
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Figure 60 Locations of beach seine stations and trawl sampling substrata. 
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and continued to the end of the study. Major decapods were identified 
to species except for the shrimp, Pal~emonetes sp. which was identified 
to genus. Nt.unber of individuals and biomass of species or· genus was 
recorded for each replicate except for the blue crab, Callinectes 
sapidus, foD which length frequencies (carapace width at widest point) 
along with all the other measurements were recorded for each sex. 
Data Manipulation 
The data for each replicate were put on computer cards as 
follows: the species of the organism, date captured, tUne (Eastern 
Standard Time in hours and tenths), gear used, station number, depth 
(to the nearest meter), surface temperature (°C and tenths), surface 
salinity ( ~and tenths), surface dissolved oxygen (ppm and tenths), 
tidal stage, number of individuals of the species. In the case of 
C. sapidus,sex was also recorded. A monthly printout of the beach 
seine data for fish and crustaceans gives the following information: 
1) Station number and date of sampling 
2) Temperature, salinity, and dissolved oxygen 
3) Number of individuals per replicate of each species 
4) Mean, ln (x+l) mean, and retransformed mean number of 
individuals for each species 
5) Standard deviations and confidence intervals (95%) for 
each of the means in number 4 
Other calculations made were: 
1) Top 5 dominant species per year by station over season 
using a modified Sanders bioindex 
2) The 3 most dominant species, using the modified Sanders 
bioindex, pooled by month into season, listed by year 
and for all years combined 
3) Geometric means of dominant organisms 
4) Species diversity (H') in bits per individual 
H' = ~ (N log10N- ~ t i log10 ni), where N= total number 
of species comprising ni in each of S species, i = 1,2 ••• S,c= 
conversion factor from log10 to log2• 
c·) _, 
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Species richness D where D = S-1 lnN 
6) Equitability (J), where J = H' /log2s 
Results - Beach Seine 
Sampling dates and stations sampled are shown in Table 151. 
Missed stations were usually due to extremely low tides or high winds. 
All species which were captured over the 34 months of sampling 
are listed by month and year in Table 152. There were 49 species 
captured, hut only 9 that were captured consistently: The Atlantic 
silverside!, Menidia menidia; the tidewater silverside, Menidia 
beryllina; the mummichog, Fundulus heteroclitus; the striped killifish, 
Fundulus m<tjalis; the spot, Leiostomus xanthurus; the bay anchovy, 
Anchoa mitehill i; the sheepshead minnow, Cvprinodon variegatus; the 
northern pipefish, Syngnathus fuscus; the the summer flounder, Paralichthys 
dentatus. Of these, only k· xanthurus and ~. dentatus cannot be considered 
to be resident species, since they migrate out of the river in winter to 
spawn offshore. Of the other species M· menidia, !1. b:!r:Y-lina, P:_ •. mitchilli, 
and ~· fus<~ were found in trawls during the winter mostly at stations 
with a depth greater than 4 meters. The Cyprinodontids, f. heteroclitus, 
f. majalis,and £. variegatus probably burrow into the mud in the winter. 
Virtually none were taken in the trawl in winter. Fish species that 
were captured only by beach seine were: £. variegatus; the Atlantic 
needlefish!, Strongylura marina; the striped mullet, Mugil cephalus; 
and the wh:L te mullet, Mugil curema. 
Figure 61 shows the seasonal occurrence of 46 species captured 
for each station. Seasons, dete:rmined by temperature, were designated 
as follows: spring, March through May; summer, June through August; 
fall, September through November; and winter, December through February 
(Figure 62). Distinct patterns are difficult to discern because 
sampling intensity was not great enough to overcome the contagious 
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Table 151 
Beach Seine Sampling Dates and Stations Sampled 
Sampling 
Year ~Mo~/~Y~r~--~D~a~te~s~--~A~-~l~l--~B~-~ll~-=B-~3~l~~C-~l~l~-C~-~3~l~~C~-~3~2--~D-~l~l--~D-~12~-=D-~3~1 
I 3-72 29,30 X X X X X X X X X 
II 
III 
4-72 18 X X X X X X X X X 
5-72 18,19 X X X X X X X X X 
6-72 16 X X X X X X 0 X X 
7-72 20 X X X X X X 0 X X 
8-72 22 X X X X X X 0 X X 






































































































































































































































Table 151(cont' d.) 
Beach Seine Sampling Dates and Stations Sampled 
Dates A-ll B-11 B-31 C-11 C-31 C-32 D-11 
2,3 X X X X X X X 
-1~:* ,1 X X X X X X X 
-1~:* X X 0 X 0 0 X 
21:,16,17 X X X X X X X 
19 X X 0 X 0 0 X 
3,5 X X X X 0 X X 
* - Aetua11y following but extended month dates 
** - Aetually previous month, number signifies how many days back 










Fishes captured in beach seine hauls in the Lower York 
River for all stations from March 1972 to December 1974 
- = Mar. 72 through Feb. 73 .f. = Both years 
I = Mar. 73 through Feb. 74 () = Mar. 74 through Dec. 74 
(.f.)= All 3 years 
Species M A M J J A s 0 N D J F 
Menidia menidia (.f.) (.f.) (.f.) 
.f. U> U> U> U> U> U> .f. I 
Fundulus majalis (.f.) (.f.) (.f.) I (.f.) (.f.) (.f.) (.f.) (.f.) - .f. .f. 
Fundulus heteroclitus () (.f.) (.f.) 
.f. <.f.> U> .f. (.f.) (.f.) 
Leiostomus xanthurus () (-) (.f.) 
.f. (.f.) (.f.) (.f.) (.f.) I I 
Menidia beryllina (-) (.f.) (.f.) I (- ) (- ) (- ) (.f. ) (.f. ) (.f. ) 
Syngnathus fuscus (.f.) 
.f. f (-) .f. I 
Anchoa mitchilli () (.f.) (.f.) I () f (.f.) (.f.) () 
Paralichthls dentatus (/) .f. (.f.) I I .f. (.f.) () 
Cyprinodon variegatus (/) (-) (-) I (.f) - () (/) (/) 
Apeltes quadracus I I I .f. .f. 
Gobiesox strumosus (-) .f. .f. .f. .f. 
Brevoort ia tlrannus . (.f.) (.f.) I (/) () 
Gobiosoma bosci .f. I .f. 
Sciaenops ocellata () (-) (-) (/) I I 
Cynoscion nebulosus .f. 
Lucania parva (-) I 
Trinectes maculatus () I .f. 
Strongllura marina () .f. (/) (/) 
Mugil cephalus () I (/) () I I I 
Alosa aestivalis (-) I 
Anguilla rostrata (.f.) () I 
Syngnathus floridae () I 
Symphurus plagiusa () (-) I 
Bairdiella chrysura .f. 
Mugil curema () I .f. 
Micropogon undulatus (/) () (-) () I 
Morone americana (f) (/) 
Alosa sapidissima I I 
Synodus foetens I .f. () () 
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Table 152 (continued) 
Species M A M J J A s 0 N D J F 
Pomatomus saltatrB~ () () .;. (-) 
Chaetodipterus fab1~ .;. I 
Menticirrhus amerieanus (-) .;. 
Mentic:irrhus · saxat i1 is I (/) I 
Anchoa hepsetus 
Membras martinica I 
Gambusia affinis I () 
Prionotus carolinw~ 
Opsanus tau () 
Gobiosoma ginsburgi I 
Chasmodes bosguian11s 
Elops saurus 
Urophycis regius I 
Alosa mediocris I 
Morone saxatilis () I () 
Menticirrhus sp. I 
Lutjanus griseus I 
Fundulus confluentus () 
Trachinotus carolinus () 
Alosa pseudoharengus () 
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Figure 61. Seasonal occurrence of 46 species captured in 
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Figure 62. Beach seine temperature pooled over stations 
and shown by year along with seasonal break-
down of years. 
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distribution of the fish. However, the following seasonal and spatial patterns 
can be inferred. M_. menidia was found at all stations in every season. 
The American eel, Anguilla rostrata, was foun4 in all suostrata except 
A during the spring, was captured only at A and B in the stnmner, and fall, 
and was absent in the winter. The striped anchovy, Anchoa hepsetus, was 
not captured in spring and winter, but during summer and fall if was 
.found only in the C stations. Gambusia affinis, the mosquito fish, 
was only captured in the spring and summer at stations located in the 
C substratum, wlrich is not expected since this species is usually 
located in brackish to fresh water in restricted areas, and this area 
is neither. The hogchoker, Trinectes maculatus, was taken all year 
round, but only in the C and D stations. The blackcheek tonguefish, 
Symphurus plagiusa, was taken in every season except winter mostly in 
the B and C stations. Opsanus tau, the oyster toadfish, was only taken 
at station Cll in spring and summer. None were taken in the fall 
and winter. The inshore lizard fish, Synodus foetens, was only captured 
in the summer and fall, but never taken in D stations. Strongylura marina, 
the Atlantic needlefish, was only taken in spring and stnmner. 
A modified bioindex (S~ders 1960) was used to determine 
species dominances using Ln (x+l) means. Species dominance of the 
_top 3 species was found by pooling months into seasons, which are 
listed by.station and year (Table 153). This table also shows the 
most dominant species for each season for each year. Table 154 shows 
a compilation of Table 153 in which the seasons are pooled to show the 
most dominant species per year, and also pools the years to show the 
most dominant species over all years. Table 155 uses the same bioindex 
f 
to show the most dominant species per station over all seasons and 
is arranged by year. Also shown in this table is a compilation of 
all three years. As expected, the most consistently captured species 
for the most part are the most dominant; these include M_. menidia, 1_. 
xanthurus, E· heteroclitus, M_. be~llina, !· mitchilli and f. majalis. 
Temperature (Figure 63) for each station for each year followed 
a fairly consistent seasonal pattern. Station C31 which is located 
adjacent to the VEPCO outfall canal, had higher temperatures as a whole 
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Table 153 
MOst Dominant 3 Species, Using a Modified Sanders Bioindex, 
Pooled by Month into Season Listed by Station by Year 
(Dominant Species Listed from Most to Least Dominant) 
Bioindex for Individual Stations 
Sta. Index 
Species A-ll B-11 C-11 ~11 ~12 B-31 C-31 C-32 ~31 Total 
Spring I 
Leiostomus xanthurus 6.0 6.0 3.0 3.0 2.0 3.0 3.0 1.0 3.0 30.0 
Menidia menidia 6.0 5.0 5.0 6.0 4.0 4.0 30.0 
Menidia beryllina 4.0 5.0 4.0 3.0 3.0 19.0 
Fundulus Jleteroclitu§. 2.3 4.0 3.0 3.0 12.3 
Anchoa mitchilli 3.0 6.0 9.0 
Fundulus !na j al is 4.0 4.0 
Syn.gnathu:~ fuscus 4.0 4.0 
Lucania E..~ 3.0 3.0 
Alosa aestivalis 2.0 2.0 
Surrmer I 
Menidia menidia 5.0 5.0 N 2.0 6.2 5.0 8.0 3.0 34.2 
Fundulus heteroclitus 8.0 0 9.0 4.0 9.0 30.0 
Leiostomus xanthurus 3.0 6.3 T 3.0 5.0 4.0 21.3 
Fundulus majalis 4.0 s 4.0 2.5 4.0 14.5 
Lucania E.~ 3.0 A 3.0 
Synznathu@. fuscus 3.0 M 3.0 
Gobiosoma bosci 3.0 p 3.0 
Gobiesox ~trumosus L 2.5 2.5 
Anchoa mitchilli E 2.0 2.0 
Strongvlura marina D 2.0 2.0 
Fall I 
Menidia menidia 8.5 5.0 7.5 5.5 3.0 8.5 4.0 3.0 3.3 48.3 
Anchoa mitchilli 5.0 2.5 4.0 6.0 3.0 3.0 23.5 
Leiostomus xanthurus 3.0 2.0 4.0 4.5 3.0 3.0 19.5 
Fundulus ]II1B. j a1 is 4 1.0 3.0 8.0 
Apeltes guadracus 3.0 2.0 5.0 
j 
Trinectes maculatus 3.0 3.0 
Gobiosoma bosci 2.5 2.5 
Syngnathus fuscus 2.0 2. 0 
Winter II 
Menidia.menidia 3.0 3.0 2.5 3.0 3.0 14.5 
Fundulus .heteroclitus 3.0 1.5 2.5 3.0 10.0 
Fundulus rna j alis 3.0 3.0 1.0 3.0 10.0 
Apeltes guadracus 1.5 3.0 4.5 
Trinectes maculatus 3.0 3.0 
Cyprinodon variegatus 3.0 3.0 
Alosa aestivalis 1.0 1.0 
Brevoortia tyrannus 1.0 1.0 
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Table 153 (continued) 
Bioindex for Individual Stations 
Sta. Index 
I 
S:Eecies A-ll B-11 C-11 D-11 D-12 B-31 C-31 C-32 n:-31 Total' 
Spring II 
Menidia menidia 3.0 6.0 8.0 5.5 5.0 6.5 5.5 5.0 3.0 47.5 
Leiostomus xanthurus 3.0 3.0 3.0 3.0 3.0 3.0 3.0 21.0 
Anchoa mitchilli 2.0 4.0 3.0 1.0 10.0 
Fundulus heteroclitus 3.0 2.0 3.0 1.0 9.0 
Menidia beryllina 3.0 3.0 3.0 9.0 
Brevoortia tyrannus 3.0 3.0 6.0 
Fundulus majalis 3.0 2.0 5.0 
Paralichthys dentatus 4.5 4.5 
Gambusia affinis 2.0 2.0 
Syngnathus fuscus 2.0 2.0 
Alosa mediocris 1.0 1.0 
Stmliiler II 
Leiostomus xanthurus 7.0 8.0 5.0 7.0 3.0 5.0 6.3 3.0 5.5 49.8 
Menidia menidia 3.0 6.0 2.0 5.0 6.0 2.3 7.0 31.3 
Fundulus heteroclitus 4.0 3.0 6.0 4.0 17.0 
Fundulus majalis 6.0 5.0 2.0 3.0 16.0 
Brevoortia tyrannus 3.0 3.0 6.0 
Micro:Eogon undulatus 3.0 3.0 
Strongylura marina 3.0 3.0 
Mugil curema 3.0 3.0 
Fall II 
Menidia menidia · 6.0 4.0 9.0 7.5 2.0 3.0 6.0 5.5 43.0 
Menidia beryllina 4.5 4.5 5.0 2.0 2.0 18.0 
Leiostomus xanthurus 2.0 6.0 
.. 
3.0 6.0 17.0 
Fundulus heteroclitus 2.0 5.0 3.0 4.0 14.0 
Fundulus majalis 3.0 5.5 3.0 11.5 
Anchoa mitchilli 1.0 2.0 3.0 6.0 
Brevoortia tyrannus 3.0 3.0 
Gobiesox strumosus 3.0 3.0 
Mugil curema 2.0 2.0 
Winter II 
i 
Menidia menidia 6.0 6.0 6.0 3.0 6.0 2.3 5.0 2.5 3.0 39.8 
Mugil ce:Ehalus 4.0 3.0 8.5 15.5 
Fundulus heteroclitus 2.0 3.0 3.0 3.0 1.0 12.0 
Fundulus majalis 4.0 2.0 6.0 
Menidia beryllina 1.0 2.0 3.0 6.0 
Sc iaenops oc.ellata 1.0 2.0 2.0 5.0 
CyPrinodon variegatus 3.0. .,. 3.0 
Alosa aestivalis 2.0 2.0 
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Table 153 (continued) 
Bioindex for Individual Stations 
Sta. Index 
S:Qecies A-ll B-11 C-11 D-11 D-12 B-31 C-31 C-32 D-31 Total 
Spring III 
Leiostomus xanthurus 3.8 4.0 4.0 6.5 7.0 ·5.0 6.0 36.3 
Menidia menidia 3.8 5.0 4.0 3.0 3.0 3.0 5.0 2.5 27.3 
Brevoorti~ tyrannus 6.0 3.0 3.0 2.0 6.0 20.0 
Anchoa mitchilli 3.0 4.0 5.0 3.3 15.3 
Fundulus !ruajalis 4.0 3.0 6.0 13.0 
Menidia be!Xllina 3.0 2.0 5.0 
Fundulus ,!leteroclitU;~ 4 4.0 
Stnmner III 
Menidia menidia 3.0 - 6.0 5.0 4.5 3.0 6.0 27.5 
Leiostomu~ xanthurus 2.7 2.0 4.0 6.0 5.0 4.0 23.7 
Fundulus tteteroclitus 3.7 2.5 2.0 2.0 3.5 13.7 
Fundulus ~ajalis 6.0 2.0 4.5 12.5 
Micro:Qogo~ undulatus 3.0 2.0 5.0 
Strongylura marina 1.5 1.5 3.0 
Mugil cephalus 1.5 1.0 2.5 
Brevoortia tyrannus 2.0 2.0 
Pomatomus .saltatrix 2.0 2·.0 
Trachinotu~ carolinus 1.5 1.5 
Fall. III 
Menidia beryllina 3.3 6.0 6.0 6.0 2.0 2.0 3.0 28.3 
Menidia menidia 6.0 6.0 3.0 2.3 3.0 20.3 
Leiostomus xanthurus 3.5 4.0 2.0 9.5 
Sciaenops 9ce11ata 2.5 3.0 5.5 
Anchoa mit chilli 2.0 3.0 5.0 
Fundulus majalis 2.5 2.0 4.5 
Synodus foetens 3.0 1.5 4.5 
Winter III (Dec. only) 
Fundulus heteroclitus 2.0 3.0 3.0 2.0 10.0 
Menidia bezyllina 3.0 2.0 1.0 3.0 9.0 
Menidia~~ 3.0 1.0 3.0 NS* NS* 7.0 
Cyprinodon variegatus 2.0 NS* 1.0 3.0 
Micro:Qogon undulatus 1.0 1.0 
Ancnoa mitchilli 1.0 laO. 















Compiled Top 3 Species for Each Year 
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Table 155 (continued) 
Sta. D-12 Sta. B-31 Sta. C-31 
Year 1 
Species Index Index Index 
Menidia menidia 13.5 Menidia menidia 17o7 Menidia menidia 16 
Fundulus heteroclitus 11.5 Fundulus heteroclitus 11 Leiostomus xanthurus 8 
Anchoa mitchilli 7 Leiostomus xanthurus 10.5 Fundulus majalis 6.5 
Flli>dulus majalis 7 Menidia bery11ina 3 Anchoa mitchilli 6 
Leiostomus xanthurus 6 Fundulus majalis 1 Fundulus heteroclitus 3 
Trinectes maculatus 3 
Year 2 
Menidia menidia 18 Menidia menidi<i 14,8 Menidia menidia 15.75 
Leiostomus xanthurus 12 Fundulus heteroclitus 12 Fundulus heteroclitus 7 
Fundulus heteroclitus 11 Leiostomus xanthurus 8 Leiostomus xanthurus 6.25 
Fundulus majalis 5 Anchoa mitchilli 3 Menidia beryllina 6 
Menidia beryllina 4 Menidia beryllina 3 Paralichthys dentatus 4.5 
Gobiesox strumosus 3 
Mugil cephalus 3 
Year 3 
Menidia menidia 10 Leiostomus xanthurus 12,5 Leiostomus xanthurus 12 w 0' 
Fundulus heteroclitus 7 Menidia menidia 7 Menidia menidia 8 0' 
Menidia beryllina 7 Fundulus heteroc~itus 5,8 Menidia beryllina 4 
Leiostomus xanthurus 5 Fundulus majalis 5 Brevoorti.a tyrannus 2 
Anchoa mitchilli 5 Micropogon undulatus 3 Anchoa mitchilli 2 
All Years 
Menidia menidia 4L5 Menidia menidia 39.5 Menidia menidia 39.8 
Fundulus heteroclitus 29,5 Leiostomus xanthurus 31 Leiostomus xanthurus 26.3 
Leiostomus xanthurus 23 Fundulus heteroclitus 28.8 Fundulus heteroclitus 10 
Anchoa mitchilli 12 Menidia beryllina 6 Menidia beryllina 10 
Fundulus majalis 12 Fundulus majalis 6 ~ mitchilli 8 
Table 155 (continued) 
Sta. C-32 Sta. D-31 
Year 1 
SQecies Index Index 
Menidia menidia 15 Fundulus heteroclitus 12 
Anchoa mitchilli 9 Menidia menidia 6.3 
Leiostomus xanthurus 8 Leiostomus xanthurus 6 
Cyprinodon variegatus 3 Fundulus majalis 4 
Fundulus majalis 3 Anchoa mitchilli 3 
Apeltes guadracus 3 Menidia beryllina 3 
Trinectes maculatus 3 
Year 2 
Menidia menidia 20.5 Leiostomus xanthurus 14.5 
Mugil ceQhalus 8,5 Menidia menidia 11.5 
Leiostomus xanthurus 6 Fundulus heteroclitus 4 
Brevoortia tyrannus 6 Brevoortia tyrannus 3 w 
SciaenOQS ocellata 2 Fundulus majalis 3 "' '-I 
Menidia beryllina 2 Menidia beryllina 3 
Mugil ~ 2 
Year 3 
Menidia menidia 8 Fundulus majalis 12.5 
Anchoa mitchilli 6,3 Leiostomus xanthurus 10 
Brevoortia tyrannus 6 Fundulus heteroclitus 5.5 
Menidia beryllina 5.3 Menidia beryllina 3 
Leiostomus xanthurus 5 Menidia menidia 2,5 
All Years 
Menidia menidia 43,5 Leiostomus xanthurus 30.5 
Leiostomus xanthurus 19 Menidia menidia 23 
Anchoa mi.tchilli 18 Fundulus heteroclitus 21.5 
Brevoortia tyrannus 12 Fundulus majalis 19,5 
Menidia beryllina 10 Menidia beryllina 9 
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Figure 63. Beach seine temperature (oc) for each station shown by month and year. 
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( - 0 than the rema:m1.ng stations x = 20.6 C for C31 as opposed to the range 
of the means :for the remaining stations of 16.0°C to 17 .6°C). Salinity 
(Figure 64) on the other hand showed wide yearly fluctuations but was 
consistent within years. Tile first year had the lowest salinities 
(probably because of hurricane Agnes). Tile remaining two years had 
similar, highter salinity patterns except for March and April, when 
salinities were considerably different, and May when the first and 
second years 1were almost equal. Dissolved oxygen (Figure 65) showed 
only seasonal fluctuations, being higher in the winter than in the summer. 
Tile number of species captured per station (3 replicate hauls) 
ranged from z,ero to ten (Figure 66). Greater numbers of species were 
c~>tured from April to September, when temperatures were high (x = 23.8°C). 
The number of species captuTed per station vs. temperature for each year is shown 
in Figures 67, 68, and 69. These figures show a general trend toward an 
increasing number of species with increasing temperature. There appears to 
be a decrease around 30°C but the variance is too great to demonstrate this 
statistically. Th.e geometric mean number of individuals captured per 
replicate per month per year is shown in Figure 70. This shows that 
the number of individuals, like the number of species, also went up from 
April through September, and likewise the number of individuals generally 
went down when the temperature was greater that 30°C. Station C31 (the VEPCO 
outfall) generally peaked earlier and had fewer species in the summer months, 
possibly due to its higher temperatures. However, this could also be 
because of mechanical disturbance, especially in the second year, due to 
construction at and adjacent to the station. 
Species diversity (H') and Species Richness (D) are shown for each 
' station, each month and year in Figures 71 and 72, respectively. The 
values of diversity range from 2.7 to 0 bits per individual which is 
characteristic of other estuarine fish populations (Markle, 1972). Di-
versity, although following no distinct pattern, was generally higher 
from June to September. Spring Richness corresponded to the peaks 
in Species Diversity indicating that the diversity index was dominated 
more by the n.umber of species captured than by the evenness 
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Figure 64_. Beach seine salinity ( ~) for each station shown by month and year. 
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Figure 65. Beach seine dissolved oxygen (ppm) for each 
station shown by month and ye~r. 
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Figure 67. Number of species caught per station vs. temperature 
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Figure 68. Number of species caught per station vs. 
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Figure 69. Number of species caught per station vs. 
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with which the numbers of individuals of each species were distributed 
over the numl)er of species. Mean fish biomass fluctuations per month 
for each year (Figure 73) seem to have been fairly consistent, except 
that the main peak in year 2 was shifted to June instead of May. 
Figures 7 4 through 79 show the geometric mean numbers of 
individuals ]per station for each month of each year for selected 
dominant species. M. menidia (Figure 74) does not seem to have had any 
distinct pattern, either monthly, yearly or by station. There was 
a general de,~rea~e of individuals captured in January through March 
possibly due to migration into deeper water. M. be;vllina (Figure 75) 
occurred all year round but peaked in the shoal areas in March through 
May and again in September through December. 1,. xanthurus (Figure 76) 
peaked around May (March through June) showing strong seasonal patterns 
at all stations. The high peaks occurred because at this time the 
fish were migrating up the river to their nursery grounds. Around 
November, th·ey migrated out of the riVer to spawn. These fish were 
older and migrated out with a greater proportion of individuals in 
the channel (see trawl section). The third year showed the least 
number of individuals caught in the March through June part of the 
year. A. mitchilli (Fig. 77) showed a highly contagious distribution. 
It appears that they entered the shoals anywhere from March to June, 
virtually disappeared in July and reappeared from August through 
November. Although sampling was incomplete in the third year it 
appears that the fewest A· Mitchi1li were captured in that period. 
F. heteroclitus (Figure 78) seems to have peaked anywl1ere from April 
to September with a secondary peak around November, and it was present 
at most stations all year. The distribution of F. heteroclitus over 
stations seems to have favored the A, B and D stations. Very few 
individuals ·were ever taken at a C station, and this may have been 
a function of bottom type. F. majalis (Figure 79) basically followed 
the same pattern as F. heteroclitus except the greater number of 
individuals of the former were taken near the river mouth as opposed 
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Figure 73 A. Mean standing biomass of fish captured during 
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Figure 73 B. Mean standing biomass of fish captured during 
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Figure 73 C. Mean standing biomass of fish captured during 
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Figure 75. Geometric mean number of individuals of Menidiaberyllina 
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Figure 77. Geometric mean number of individuals of Anchoa mitchilli 
for each station shown by month and year. 
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Figure 79. Geometric mean number of individuals of Fundulus majalis 





F. heteroclitus had many more individuals taken overall than L.. majalis 
indicating a greater relative abundance. 
Beach Seine Major Decapgds 
There were three major decapdds which were examined during 
sampling; Callinectes sapidus, the blue crab; Palaemonetes sp., 
the grass shrimp; and Crangon septemspinosa, the sand shrimp. 
~ se:ptemspinosa (Figure 80) seems to have been contagiously 
distributed. Stations All and Bll showed significant peaks in 
October of the first sampling year which was the month before a peak 
was encountered in the channel (see Figure 84, trawl section), possibly 
indicating a seasonal migration pattern. Station Cll had a significant 
peak in May of the second sampling year, which is when the shoal peaks 
of the corresponding trawl stations started to decline, indicating 
another isolated case of seasonal migration. These observations 
are too sporadic to draw any conclusions. 
Pala~~onetes sp. (Figure 81) was the most abundant of the decapods 
examined. They were contagiously distributed and seem to have peaked 
twice anywhere from April through November, with a sharp decline around 
.August. The first sampling year the disappearance of the shrimp in 
the beach seine stations corresponded with a sharp increase in the 
abundance in the channel stations of the trawl (see Figure 85). The 
second year 110 corresponding increase was detected. The third year 
results sugg4~sted that a corresponding increase would have been 
observed had sampling not been discontinued in December. 
Figures 82 and 83 show the relative abundance of male and 
female £. §pidus, respectively. There were no significant differences 
between the sexes in the locations of the peaks over the months sampled. 
The relative abundance also seems about equal for all stations pooled 
(ratio female to male: 1.1:1). Significant peaks were encountered 
from May to November, which roughly corresponds to the dip in abundance 
during the corresponding period in the trawls (Figure 86 and 87). These 
figures also ~how dips in abundance in the July to August periods when 
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Figure 82. Geometric mean number of individuals of male Callinectes 
sapidus for each station shown by month and year. 
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Figure 83. Geometric mean number of individuals of female Callinectes 
sapidus for each station shown by month and year. 
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Methods and Materials - Trawl 
Four longitudinal strata (A, B, C, and D) and three cross-
sectional substrata within each of these (Al, A2, A3, ••• D3) or 
twelve substrata (Figure 60) were sampled monthly. A minllnum of 
three samples in each substratum was required. 
The sampling intensity or number of samples per substratum 
was based on the area covered by each substratum. The sampling 
intensity for November_ through May was, when possible, 1:1.5:1 
(north shoal:channel:south shoal). The number of samples for 
each substratum was: 
Al-3 











Total = 44-46 
The sampling intensity for June through October was 2:1:2 














Total = 46 
Within each substratum are randomly numbered square grids, 
600meters on a side (see Table 156 for locations). For each sub-
stratum, the stations to be sampled were picked from a table of random 
numbers. 
Trawls of five minutes duration were performed with a 4.9 m 
semi,balloon otter trawl (7 m rope, 1.9 em bar mesh, .63 em bar mesh 
cod end liner), 7 m bridle, and .6 m weighted otter doors at an engine speed 
of 1200 rpm on the R/V Restless and 850-900 rpm on the R/V Brooks. When these 
vessels could not be used, sampling was done with a Penn Yann for the shoal 
stations and the R/V Pathfinder for the channel stations at comparable speeds. 
All fish were saved (alive or preserved) or measured on board and 
released, and an attempt was made to save all invertebrates of 
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Table 156 Trawl Station Locations 
Station Number Latitude Lon~itude 
A-l-13 37° 15 '51 11 N 76° 21 '06" w 
A-l-4 37° 15 '33" II 
A-1-26 37° 15 '15 11 II 
A-2-52 37° 14 f 57 11 II 
A-2-30 37° 14 '39" II 
A-2-l 37° 14'2111 II 
A-2-23 37° 14'03" II 
A-3-18 37° 13'45" II 
A-3-13 37° 13 '27" II 
A-1-28 37° 15 '51'' 76° 21'29" 
A-l-15 37° 15'33 II II 
A-1-14 37° 15 '19 11 II 
A-2-51 37° 15'10" II 
A-2-35 37° 14' 57 11 II 
A-2-46 37° 14'39" II 
A-2-50 37° 14'21" II 
A-2-45 37° 14 '03'' II 
A-3-16 37° 13 '45" II 
A-3-19 37° 13'27 11 II 
A-l-22 37° 15'51" 76° 21'52" 
A-1-8 37° 15 '33" II 
A-l-20 37° 15'20" II 
A-2-40 37° 15'06" II 
A-2-5 37° 14'57 11 II 
A-2-18 37° 14'39" II 
A-2-28 37° 14'21" II 
A-2-4 37° 14 '09 11 II 
A-3-4 37° 13'5911 II 
A-3-14 37° 13 '45 11 II 
A-3-6 37° 13 '27 11 II 
A-l-25 37° l5'5l" 76° 22'l5" 
A-l-24 37° 15'33 11 II 
A-2-17 37° 15'15" II 
A-2-19 37° 14'57" II 
A-2-32 37° 14 '39" II 
A-2-14 37° 14'21" II 
A-2-38 37° l4'o8" II 
A-3-25 37° 13 f 58" II 
A-3-10 37° 13 '45" II 
A-3-24 37° 13 '27" II 
A-l-19 37° 15'51 11 76° 22'38" 
A-l-6 37° 15'33 II II 
A-2-39 37° 15'15 11 It 
A-2-53 37° 14'57" II 
A-2-36 37° 14'39" II 
A-2-20 37° 14'21" II 
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Tab1el56(continued). 
Station Number Latitude Longitude 
A-2-27 37° 14 '09 11 N 76° 22 '38" w 
A-3-21 37° 13 '58" II 
A-3-22 37° 13 '45'·' II 
A-3-2 37° 13'27 11 II 
A-1-9 37° 15 '33" 76° 23 '01 11 
A-1-23 37° 15'21 11 II 
A-2-41 37° 15 '1611 II 
A-2-42 37° 14'57 11 II 
A-2-3 37° 14 '39 11 II 
A-2-29 37° 14 '21" II 
A-2-22 37° 14'll 11 II 
A-3-17 37° 14'0211 II 
A-3-15 37° 13 '45" " 
A-3-5 37° 13'2711 II 
A-1-12 37° 15 '33 11 76° 23'2411 
A-1-3 37° 15 '18" II 
A-2-26 37° 15 '09 11 " 
A-2-48 37° 14 '57" I! 
A-2-7 37° 14 '39 11 " 
A-2-34 37° 14 '21 11 II 
A-2-11 37° 14'09" " 
A-3-9 37° 14 '01 11 II 
A-3-8 37° 13 '45 11 II 
A-1-2 37° 15 '33" 76° 23'47 11 
A-1-10 37° 15 ?19" " 
A-2-9 37° 15 '08" II 
A-2-6 37° 14'57" " 
A-2-16 37° 14'39 11 " 
A-2-15 37° 14'21" " 
A-2-31 37° 14'07" II 
A-3-ll 37° 13 '59" II 
A-3-12 37° 13 '45" " 
A-1-7 37° 15 '33" 76° 24'10 11 
A-1-1 37° 15 '19" II 
A-2-12 37° 15 '10 11 II 
A-1-21 37° 14'57" " 
A-2-21 37° 14 '39 11 II 
A-2-47 37° 14'21" II 
A-2-43 37° 14'03" II 
A-2-10 37° 13'5111 II 
A-3-7 37° 13 '43 II II 
A-3-3 37° 13 '27" II 
A-1-27 37° 15'33 11 76° 24'27 11 
A-1-16 37° 15 '19 11 II 
A-2-37 37° 15 '10 11 II 
A-1-11 37° 14'57 11 II 
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Table 156( continued). 
Station Number Latitude Longitude 
A-2-13 37° 14 '39" N 76° 24 '27" w 
A-2-2 37° 14'21" II 
A-2-24 37° 14'03" II 
A-2-33 37° 13 '51" If 
A-3-1 37° 13 '43" If 
A-3-23 37° 13 '27" It 
B-1-13 37° 15 '33" 76° 2~-'50" 
B-1-14 37° 15 '17" I! 
B-2-28 37° 15'08" II 
B-1-6 37° 14 '57" II 
B-2-27 37° 14 '39" I! 
B-2-17 37° 14'21" II 
B-2-25 37° 14 103 II II 
:B-2-26 37° 13-51" II 
B-3-6 37° 13 '42" II 
:B-3-11 37° 13'27" If 
:B-l-15 37° 15'33" 76° 25 113 II 
:B-1-11 37° 15 '151l II 
B-1-1 37° 14'57" II 
:B-2-10 37° 14'55" II 
B-l-18 37° 14'45" I! 
:B-2-20 37° 14 '36" If 
B-2-30 37° 14'21" If 
B-2-29 37° 14 '03 II II 
B-2-13 37° 13'51" II 
B-3-1 37° 13 '41 II II 
B-3-7 37° 13'27" II 
B-1-17 37° 14 '57" 76° 25'36" 
B-l-7 37° 14'39" II 
B-2-12 37° 14'21" !! 
B-2-24 37° l4 103 II tl 
B-2-21 37° 13'45" " 
B-3-10 37° 13'27" " 
B-1-10 37° 14'57" 76° 25'54" 
B-1-3 37° 14'39" II 
B-2-11 37° 14'21" II 
B-2-2 3'7° 14 I 03 II II 
B-2-6 37° 13'45" II 
B-3-3 37° 13 '27" II 
B-l-20 37° 15 '11" 76° 26'17" 
B-l-2 37° 14'57" II 
B-l-5 37° 14'39" II 
B-2-1 37° 14'21" " 
B-2-14 37° 14 '03 II " 
B-2-22 37° 13'45" If 
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Table 156( continued). 
Station Number Latitude Longitude 
B-1-16 37° 15'11" N 76° 26'40" w 
B-1-8 37° 14'57" " 
B-1-4 37° 14'39" " 
B-2-18 37° 14'21" " 
B-2-9 37° 14'03" " 
B-2-4 37° 13 '45" " 
B-2-23 37° 13'31" II 
B-3-2 37° 13 '22" " 
B-3-5 37° 13 '16" II 
B-1-9 37° 14 '57" 76° 27'03 II 
B-1-12 37° 14 '39 11 II 
B-2-19 37° 14'21" " 
B-2-8 37° 14'03" " 
B-2-3 37° 13 '45" " 
B-2-31 37° 13 '30" " 
B-3-8 37° 13 '21" " 
B-3-4 37° l3 'l6" II 
B-1-19 37° 14'57" 76° 27'24" 
B-1-21 37° 14'3911 II 
B-2-5 37° 14'21" II 
B-2-16 37° 14 '03" II 
B-2-15 37° 13'45" " 
B-2-7 37° l3 '30" " 
B-3-12 37° 13'2111 " 
B-3-9 37° 13 '1611 II 
C-1-5 37° 14'5711 76° 27 '47 11 
C-1-12 37° 14 '39" II 
C-2-16 37° 14'21" II 
C-2-9 37° 14'03" II 
C-2-30 37° 13 '45" " 
C-2-12 37° 13 '33" " 
C-3-1 37° 13'22" II 
C-3-7 37° 13'16" II 
C-1-14 37° 14 I 57" 76° 28'10 11 
C-1-13 37° 14'4o 11 II 
C-2-32 37° 14'3111 " 
C-2-26 37° 14'21" II 
C-2-33 37° 14'03 II " 
C-2-22 37° 13'4511 II 
C-2-8 37° 13 '33" " 
C-3-9 37° 13 '22" II 
C-3-4 37° 13 '16" " 
C-1-7 37° 14' 57" 76° 28'32" 
C-1-10 37° 14'4o" " 
C-2-23 37° 14'3111 " 
C-2-5 37° 14'21" " 
C-2-11 37° 14'03" II 
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Table 156( continued). 
Station Number Latitude Longitude 
C-2-19 37° 13 '45" N 76° 28 '32 11 w 
C-2-21 37° 13 '33" II 
C-3-8 37° 13 '22 11 " 
C-3-5 37° 13 '16" " 
C-1-6 37° 14'57" 76° 28 '55" 
C-1-2 37° 14 '4o" " 
C-2-14 37° 14'31" " 
C-2-15 37° 14'21 11 It 
C-2-13 37° 14 '03 II II 
C-2-4 37° 13 '45" II 
C-2-20 37° 13 '33" It 
C-3-3 37° 13 '22" " 
C-1-9 37° 14 '57" 76° 29'17" 
C-1-3 37° 14'42" It 
C-2-24 37° 14 '33!! " 
C-2-10 37° 14'21" II 
C-2-3 37° 14 '03" II 
C-2-17 37° 13'45" It 
C-3-6 37° 13 '30!! II 
C-1-4 37° 14 '53 It 76° 29'38 11 
C-1-8 37° 14'45" It 
C-2-7 37° 14 '36" II 
C-2-25 37° 14'21" If 
C-2-28 37° 14'03" It 
C-2-27 37° 13 '49" II 
C-3-2 37° 13 '40" II 
C-1-11 37° 14'5211 76° 29'58 11 
C-1-1 37° 14'45" II 
C-2-29 37° 14'36" If 
C-2-1 37° 14'2111 II 
C-2-3l 37° l4'03" It 
C-2-2 37° 14 '23 If 76° 30 '20 11 
C-2-18 37° l4 '44 11 76° 30 '36" 
C-2-6 37° 14 '35" 76° 30'48" 
C-2-10 37° 14'27" 76° 30 I 56" 
D-1-5 37° 15'22" 76° 30 '36" 
D-2-5 37° 15 '07 11 76° 30'4411 
D-2-13 37° 14'5611 76° 30'5411 
D-2-7 37° 14'45" 76° 31 '09" 
D-3-9 37° 14'37" 76° 31 '14" 
D-3-10 37° 14'35" 76° 31 '20" 
D-1-14 37° 15 '35" 76° 30'41" 
D-1-8 37° 15'27" 76° 30'49" 
D-2-22 37° 15 '20 11 76° 30'58" 
D-2-19 37° 15'08" 76° 31 '10 11 




















































37° 14 '49 11 N 
37° 14' 46" 
37° 15'5911 
37° 15'45 11 
37° 15 '31" 
37° 15'20" 
37° 16 '22" 
37° 15'58 11 
37° 15 '45" 
37° 15'32" 
37° 16'2511 
37° 16 111 II 
37° 15'57 11 
.37° 15 '45 11 
37° 16'35 11 
37° 16 '23 II 
37° 16'10 11 
37° 15'56" 
37° 15 '43 II 
37° 15 '36" 
37° 16'35" 
37° 16'2211 








37° 17 '00 11 
37° 16'4611 
37° 16 '33 II 
37° 16'19 11 
37° 17'1111 
37° 16'58 11 
37° 16'45 11 
37° 16'36 11 
37° 16'2911 
37° 16'22 11 
37° 17'22" 
37° 17'1411 
37° 17'06 11 
37° 16i58 11 
37° 16'4611 





Station Number Latitude Longitude 
A-1-18 37° 15'51 11 N 76° 20'43 11 w 
A-1-5 37° 15 '33 II II 
A-1-17 37° 15 '15" II 
A-1-29 37° 14'57 11 II 
A-2-49 37° 14'39" II 
A-2-44 37° 14'21" " 
A-2-25 37° 14 '03 II II 
A-2-8 37° 13 f 45 11 II 
A-3-20 37° 13'2711 II 
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the genera Callinectes, Crangon, Palaemonetes, Sguilla and Panaeus. 
Bottom vegetation in the net.was estimated to the nearest 0.5 liter, 
and the composition of the following was recorded as 20, 40, 60, 80 
or ,100% (Zostera, Ulva-Enteromorpha, hydroids-bryzoa, Agardhiella, 
Gracilaria, sponge - coral -Mbgula). 
Data Manipulation 
For each trawl sample the total number and total weight of each 
species (fish and crustaceans) was obtained. For standardization 
Callinectes were weighed after removal of claws. 
All data were put on VEPCO Station Data Forms. Time is in 
hours and tenths (ES'D and is the time the hydrographic data were taken • 
Temperature is in degrees Centigrade and tenths. Salinity is in parts 
per thousand and tenths. Dissolved oxygen is in parts per million and 
tenths. Volume of bottom material is in liters and tenths. Columns 47 
to 52 are for percent composition of bottom materials; they are recorded 
as 0 for less than 20%, 1 for 20%, 2 for 40%, 3 for 60%, 4 for 80%, 5 
for 100%. Codes are those shown in accompanying code list. 
data: 
A monthly printout gives the following information on fish trawl 
A. For each substratum: 
1. Substratum number (Al, A2, A3, ••• D3). 
2. Mean depth, bottom temperature, bottom salinity, and 
dissolved oxygen. 
3. R, number of samples in substratum. 
4. S, total number and 'S', mean number of species. 
5. N, total number and N, mean number of individuals. 
6. Pooled H' in "bits". 
7. Pooled J where J =pooled H'/log2s. 
B. For total area; 
1. Grand catch per sq. m for all ranked species = 
12 
a=l 








The area factor for each substratum is shown in Table 157. Other 
calculations performed were: 
1. Sander's biological index for the seven most dominant 
species in each sample and a tabulation of all species 
ranked in the substratum. 
2. Numerical density of all ranked species: 
a. untransformed mean number per sample, standard 
deviation, and 95% C.I. 
b. transformed (ln(X+l)) mean number per sample, 
standard deviation, and 95% C.I. 
c. retransformed mean number per sample, standard 
deviation, and 95% C.I. 
d. catch per sq. m = retransformed mean/3700. 
3. Biomass (grams) of all ranked species (a-d) as in 
(9a) through (9b) above. 
A monthly printout for crustacean trawl data gives the 
following: 
1. Station number (All, Bll ••• D31). 
2. Temperature, salinity, and dissolved oxygen concentration 
of surface water sample. 
3. Total number, mean, standard deviation, 95% C. I., In-
transformed mean, standard deviation, 95% C.I., and 
retransformed mean, standard deviation, and 95% C.I. 
of each species. 
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Table 157 Total Area - Trawl Substrat&. 
Substratum Area - Sguare km Ratio 
A-1 7.67 4.4 
A-2 13.39. 7.6 
A-3 6.11 3.5 
B-1 5.67 3.2 
B-2 8.08 4.6 
B-3 2.05 1.2 
C-1 2.56 1.4 
C-2 7.98 4.5 
C-3 1. 76 1.0 
D-1 4.51 2.6 
D-2 7.12 4.0 
D-3 2.41 1.4 
North Shoal 20.41 1.6 
Channel 36.57 3.0 
South Shoal 12.33 1.0 
Total 69.31 
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Rseults - Crustacean Trawl 
~~on septemspinosa (Figure 84) was captured in the channel 
from April to May and October to March of the first sampling year, in 
the shoal area.s in the second sampling year in April an.d May, and in the 
third year f~>m October to December in the channel (December 1974 was the 
last sampling period). In April to May of the first year, the distribution 
of individuals across longitudinal substrata was essentially homogeneous, 
but in the October to December period, there was a shift toward the C 
and D substrata. From January to March, the distribution became homo-
geneous again. The second year in April and May, the distribution 
pattern of f.. septemspinosa seems to have been homogeneous again, how-
ever, there was no peak corresponding to the first year peak in October 
to December. In the third year, the distribution tended to be similar 
to the first sampling year, with preference slightly favoring the D 
substratum. 
Pala.emonetes sp. (Figure 85) followed a similar but not 
identical pattern to f.. ~eptemspinosa. The relative abundance of Palae-
monetes sp. ·was much higher. In the first year, it was very abundant 
from October through March, being more concentrated in the channel, 
mostly in thE! D substratum. The second year showed a different 
pattern, witl".t April through June showing the greatest numbers of indi-
viduals, which were relatively evenly distributed over the north shoal, 
channel, and south shoal. The longitudinal distribution, however, still 
favored the n substratum. The third year, although incomplete, appears to 
have been different from the first two years being relatively low in 
abundance, having significant peaks in the channel in June and December, 
' and not having the individuals concentrated in the D substratum as far 
as sampling "tvent in that sampling period. 
Figures 86 and 87 show the relative abundance of male and female 
(respectively) Callinectes sapidus. There does not seem to be any 
significant <iifference either spatially or temporally in abundance so 
they will be treated as one unit. The first year, .£. sapidus was abundant 
and was evenly distributed in all substrata from April to De-
cember. After a sharp decrease in January, it reached its highest 
• 
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Figure 84, A-C. Mean (retransformed ln(x +!)).numbers of Crangon 
septemspinosa per tow for cross-sectional strata 
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Figure 84, D-F •• Mean (retransformed ln(x + 1)) mmbers of Crangon 
septemspinosa per tow for longitudinal strata in 
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Figure 85, A-C. Mean (retransformed ln(x + 1)) numbers of 
Palaemgnetes sp. per tow for cross-sectional 


























Figure 85, D-F. Mean (retransfonned lm(x + l)) numbers of 
PaJaemonetes sp. per tow for longitudinal 




























A • 0 N 0 
1974 
f'l&u.re 86, A-C. Mean ( retranNformed ln(x + I)) numberH of male 
Calllnectel ~per tow for crosH•MOCtlonal 
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Figure 86, D-F'. Mean (ret ransfonned ln(x + 1)) n1111bers of male 
Callinectes sapidus per tow for longitudinal 
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Figure 87, A-C. Mean (retransformed ln(x + 1)) numbers of female 
Callinectee ~dus per tow for cross-sectional 
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Fgiure 87, D-F. Mean (retransformed ln(x + 1)) numbers of female 
Callinectes sapidus per tow for longitudinal strata 













peak in March. Most of the individuals in March favored the channel 
more than the shoal area. The distribution during the entire first 
sampling year favored the D substratum, being most concentrated there 
in December and March. The second sampling year was different from 
the first, having a greater abundance from April to September, being 
evenly distributed in all cross section substrata, and having no sig-
nificant peaks from October to March. This year abundance was also 
greatest in the D substratum. The third year appears to have been 
much like the first, having similar patterns until sampling was 
discontinued in December. 
Other invertebrates captured and saved were of the genera 
Sguilla and ~naeus, but these were not captured in sufficient 
numbers to permit analysis of distribution patterns. 
415 
Results - Fish Trawl 
Species occurrence 
Seventy-eight fish species were taken by trawl/during this 
studyo 1'able 158 shows the occurrence of each species in the samples 
by month. The "pattern of occurrence" observed for a given species 
applies only to the year classes of that species that were captured 
by the gear used. Also, it should not be inferred from the table that 
a species that was characteristically present during a given occurrence 
period did not vary in abundance during that period. MOst of those 
species described as ubiquitous and non-seasonal did indeed exhibit 
sharp seasonal changes of abundance, despite the occurrence of these 
species in the catch on a year round basis. Monthly totals of fish 
species ranged from a high of 40 in July 1972 to a low of 15 in March 
1974. 
Figures 88-89 illustrate the variation in mean number of species 
per station for each stratum. In general there were fewer species 
present in winter and the greatest mnnber in stnmne:r and early fall. 
While there were no pronounced upstream-downstream differences in 
mean number of species per station (Figure 89), there were distinct 
channel-shoal differences. During the first two years there was a 
depressed. number of species in the channel during mid-summer, Which 
coincided. with the seasonal low in dissolved oxygen. In mid-summer 
of the third year such a pronounced D.O. sag did not occur (or was 
not sampled) and there were more species in the channel than in 
either shoal (Figure 88). 
Numbers and Biomass 
1he average catch in tenns of number of individuals (Figures 
90-91) varied erratically from season to season and year to year. 
There were no consistent patterns of distribution either upstream -
downstream or from channel to shoal. During both of the two winters 
sampled abundances were quite low during late January and early 
February but during the rest of the year peaks of abundance appeared 
sporadicc~ly, both with respect to time and location. 
Table 158. List of fishes captured in trawl sampling of the lower York River April 1972 to December 1974 
Pattern Month 
of 
Occurrence Species Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. 
• years sampled 
Ubiquitous 123 123 -23 12- 123 12- 123 -23 123 12- -2- 12-
Anchoa mitchilli +++ +++ ++ ++ +++ ++ +++ ++ +++ ++ + ++ 
Leiostomus xanthurus +++ +++ ++ ++ +++ ++ +++ ++ +++ + + ++ 
Micropogon undulatus ++ +++ ++ ++ +++ ++ +++ ++ +++ ++ + ++ 
Opsanus tau +++ +++ ++ ++ +++ ++ +++ ++ + + ++ + ++ 
Paralichth~s dentatus +++ +++ ++ ++ +++ ++ +++ ++ +++ + + ++ 
Trinectes maculatus +++ +++ ++ ++ +++ ++ +++ ++ +++ ++ + ++ 
Non-seasonal 
Alosa pseudoharengus + + + + ++ +++ ++ + ++ 
Apeltes quadracus + ++ + ++ ++ + ++ + + + 
Brevoortia tyrannus + +++ + ++ + ++ ++ + + 
Gobiesox strumosus ++ + + + + + + + + 
Gobiosoma bosci +++ +++ ++ +++ + + + ++ + + + 
Menidia menidia ++ + + + + +++ ++ + ++ "" + + ..... Marone americana ++ ++ + + + ++ + + ++ + 0\ + + 
Marone saxatilis + + ++ + + + ++ 
Symphurus plagiusa + + ++ + +++ ++ +++ ++ +++ ++ + ++ 
Syngnathus · t.lo:t'idae + ++ ++ ++ +++ ++ + + + + 
Syngnathus fuscus +++ +++ ++ ++ +++ ++ +++ + + + ++ ++ 
Tautoga onitis + + + + ++ + + + 
Spring-Summer-Fall 
Anguilla rostrata ++ +++ + ++ + + + +++ ++ + 
Bairdiella chrysura + + + ++ ++ +++ ++ +++ ++ +++ + 
Centropristis striata +++ +++ ++ ++ :+++ ++ +++ +++ + 
Cynoscion regalis + + +++ ++ ++ +++ ++ +++ ++ +++ 
H~psoblennius hentzi +++ + + + ++ +++ ++ ++ ++ ++ 
Peprilus triacanthus + ++ + ++ + +++ ++ + 
Prionotus evolans + + ++ +++ + ++ ++ ++ 
Fall-Winter-Spring 
Alosa aestivalis ++ + + + ++ + ++ 
Alosa sapidissima + ++ ++ ++ + ++ + +++ ++ + ++ Urooh·;cis regius +++ +++ + 
Table 158 (cont'd) 
Pattern Month 
of. 
Occurrence SJ2ecies Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. • years sampled 
Sprihg-Summer 123 123 -23 12- 123 12- 123 -23 123 12- -2- 11:. 
Hippocampus erectus ++ + + + + + ++ 
Orthopristes chrysoptera + + + ++ + + + + 
Prionotus carolinus +++ +++ + ++ + ++ + 
Sphoeroides maculatus + +++ + + +++ ++ + 
Summer 
Anchoa hepsetus + ++ ++ 
Casmoides bosquianus + + ++ 
Lagodon rhomboides + + + + + 
Stenotomus chrysops + ++ + + 




Chaetodipterus faber ++ ++ + Conger oceanicu_s ____ + ++ + ++ + 
Menticirrhus saxatilis + + ++ + 
Pepri lus paru + ++ ++ + 
Occasional 
Alosa mediocris + 
AStrOscopus guttatus + + ++ 
Caranx fusus ++ 
Caranx hippos + 
Chaetodon ocellatus + 
Chilom;t:cterus schoeJ2fi ++ + ++ + 
Clupea harengus + 
C;t:noscion nebulosus + ++ + +++ 
Cyprinodon variegatus + 
Das;t:atis sabina + 
Dasyatis sa;t:i + 
Dorosoma ce)2edianum + + 
Etropus crossotus + + 
Etropus microstomus + ++ + + + 
Eusinostomus argenteus + 
Fistu laria tabacaria + 
Table 158 (tlont' d) 
Pattern Month 
of 
Occurrence SJ2ecies Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. • years sampled 
Occasional (cont.) 123 123 -23 12- 123 12- 123 -23 123 12- -2- 12-
Fundulus heteroclitus + + 
Fundulus majalis + 
Gasterosteus aculeatus + 
Gobiosoma ginsbergi + + + + 
Larimus fasciatus + + + 
Lucania parva + 
Menidia beryllina + 
Menticirrhus americana + + + + 
Merluccius bilinearis + 
Microgobius thalassinus ++ + + + 
Mycteroperca microlepis ++ 
Petromlzon marinus + 
Pomatomus saltatrix + + + + 
Pseudopleuronectes american us + + 
Rissola marginata + + + + ..,... 1-' Sciaenops ocellata + ++ 00 
Scopthalmus aguosus + ++ + 
Selene vomer + 
Ste2hanolepis hispidis + + + 
S;tng:nathus louisianae + 
Vomer setapinnis + + 
Total by year 1 22 31 40 33 28 23 28 20 23 
2 22 24 32 23 28 31 34 24 19'~ 18 17 15 
3 24 21 18 25 30 22 26 
Total # of species 78 
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Figure 88. Mean number of species per station for cross-sectional 
strata in the lower York River, April 1972 to December 1974. 
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Figure 89, Mean number of species per station for longitudir.al 
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Figure 90, Mean (retransformed ln(x + 1)) number of 
individuals per tow for cross-sectional strata 
in lower York River April 1972 to December 1974. 
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Figure 91. Mean (retransformed ln(x + 1)) number of 
individuals per tow for longitudinal strata 
















The average catch in terms of biomass (Figures 92-93) was 
also erratic from year to year but shows some distinct patterns within 
years. Du~ing both of the last two years there was consistently more 
biomass taken from the channel than the shoals, particularly during 
the last year. During the second smnmer and early fall there appeared 
to be greater biomass upstream than down. The overall biomass seemed 
to increase from year to year. The substantial differences between 
Figures 90-91 and 92-93 indicate that there were extreme differences 
in size ccmposition between catches at different stations and at 
different times of year. 
Community Structure 
The mean values of pooled diversity (H' pop) and equitability 
(J) are shown for each stratum in Figures 94-95 and 96-97. These 
indices show a number of noteworthy patterns. During the months 
April through October diversity and equitability follow very much 
the same patterns, but in November through March equitabilities 
tend to be proportionately higher in the shoal regions. These 
differencE~s coincide with the low values for mnnber of species present 
(Figures 88-89). Therefore,it seems that during the colder months in 
shallow water diversity is more a function of its species richness 
component than of the relative proportion among species, while in 
warmer months in the shoals and throughout the year in the channel 
the converse holds true (for futher discussion of these relationships 
see Lloyd and Ghelardi, 1964). 
Consistent patterns in change of diversity were evident from 
year to y~~ar. A fairly cyclical pattern with low diversities in winter 
and higher in late smnmer or early fall was evident for all strata. 
Shoal divc~rsities peaked in July and August, while channel diversities 
peaked during the next two months (Figure 94). The high shoal diversities 
in mid-smmner seem to have been the result of some species avoiding 
the chanmll dissolved oxygen sag, with high channel diversities 
ensui.Dg as they returned in the following months. Pronounced mid-
sunmer drops in channel diversity were avoided by maintenance of high 





























Figure 92. Mean (retransformed ln(x + l)) fish biomass 
(kg.) per tow for cross-sectional strata in 










M A 5 0 N 0 
1972 









Figure 93. Mean (retransformed ln(x + l)) fish biomass 
(kg.) per tow for longitudinal strata in 



























Figure 94. The mean pooled diversity (H' ) for cross-
sectional strata in the lower York River 
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Figure 95. The mean pooled diversity (H') for longitudinal 
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Figure 96. The mean pooled equitability (J) for cross-
sectional strata in the lower York River 
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Figure 97. The mean pooled equitability (J) for longitudinal 
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seemed to be little upstream-downstream difference in diversity with 
the exception of November-January of the first two years, when pro-
portionately high diversities were encountered in the D stratum. 
These appeared to result from high equitabilities occasioned by the 
relative absence of Anchoamitchilli, the otherwise highly dominant 
fish in this stratum (Figure 95). 
The values of diversity encountered in this study and the 
seasonal patterns exhibited bear a striking resemblance to the results 
of the most snnilar study performed on estuarine fish populations 
(McErlean & al., 1973). However, the comparability of these two 
studies may be more a result of geographical proximity (the other 
study was performed in the Patuxent Estuary) and ecological similarity 
than adherence to general trends in estuarine diversities. A study 
in the Albemarle Sound (Hester and Copeland, 1975) resulted in lower values and 
different seasonal fluctuations of diversity. A modified bioindex 
(Sanders, 1960) was calculated for numbers of individuals and biomass 
on the basis of the transformed (ln (x+l)) mean for each cross-sectional 
stratum for each month (Table 159). The maximum index is 20. It is 
evident from these dominance rankings that the fish population sampled 
is dominated by comparatively few species, particularly the bay 
anchovy, .An.choa mitchilli, and the spot, Leiostomus xanthurus. Yearly 
totals for numbers of individuals and biomass for each species,appear 
in Table 1~. While the totals are not directly comparable from year 
to year (the first year there were 9 months sampled and 384 .. tows. the 
second 12 and 514, and the third 7 and 322), they are quite useful 
in~noting gross trends. This table makes even more evident the 
dominance exerted by a small group of species. Only six species, 
Anchoamitchilli, Leiostomus xanthurus, Micropogon undulatus, Trinectes 
maculatus, Paralichthys dentatus and Opsanus .!§!;!!, accounted for over 
5% of either total number or biomass. Among them they comprised 96% of 
the individuals and 87% of the biomass taken. 
Before discussing these six dominant species individually several 
remarks concerning the other species present should be made. While 




















Table 159. Dominance ranking (modified bioindex) for fishes 
captured in trawl sampling of the lower York River. 
Individuals Biomass 
Year Year 
1 2 3 Avg. 1 2 
7 18 20 15.0 Anchoa mitchilli 2.3 15 
2.5 16 14.5 11.0 Leiostomus xanthurus 1 8 
19 0 4.8 7.9 Paralichthys dentatus 0 18 
17 0.2 2.5 6.6 Urophycis regius 17 0 
6 1.7 3 3.6 Opsanus tau 10 6 
18 14.5 14 15.5 Urophycis regius 17 17 
6 20 17 14.3 Anchoa mitchilli 3 16 
7 7 11 8.3 Trinectes muculatus 14 5 
16 7 1 8.0 Opsanus tau 11 3.5 
8.5 3.5 9 7.0 Leiostomus xanthurus 1 3 
Paralichthys dentatus 5 9 
11.5 19 19 16.5 Anchoa mitchilli 6 8 
11.5 13 17 13.8 Urophycis regius 15 7 
15 5.5 6.3 8.9 Leiostomus xanthurus 3 3 
16 2.8 7.5 8.8 Prionotus carolinus 9 5 
0 13 6.5 2.3 Opsanus tau 13 5 
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Table 159 (cont'd) 
Individuals Biomass 
May Year Year 
North Shoal 1 2 3 Avg. 1 2 3 Avg. 
Leiostomus xanthurus 15 17 18 16.7 Leiostbmus xanthurus 6 9 19 11.3 
Anchoa mitchilli 15 14 18 15.7 Trinectes maculatus 12 10 11 11.0 
Trinectes maculatus 7 7 10 8.0 Anchoa mitchilli 14 7 9 10.0 
Paralichthys dentatus 2 5.5 3.6 3.7 OJ:2sanus tau 11 12 6 9.7 
Syngnathus fuscus 6.5 4.3 0 3.6 Paralichthys dentatus 2 10 6 6.0 
Channel 
Leiostomus xanthurus 13 19 19 17.0 Leiostomus xanthurus 16 14 19 16.3 
Trinectes maculatus 15 11.5 14 13.5 Trinectes maculatus 17 15 13 15.0 
Anchoa mitchilli 9 5 14 9.3 {)J?sanus .!.§!!! 8 5 6 8.3 
Prionotus caro1inus 4 11 0 5.0 Paralicthys dentatus 2 10 7 6.3 
UroEhycis regius 8 7 0 5.0 UroJ:2hycis reg ius 5 10 0 5.0 +:--(,;..) 
N 
South Shoal 
Leiostomus xanthurus 19 20 16 18.3 Leiostomus xanthurus 18 11 20 16.3 
Anchoa mitchi1li 18 10 20 16.0 Trinectes macu1atus 9 11 9 9.7 
Trinectes maculatus 6 6 6 6.0 Anchoa mitchil1i 10 1 14 8.3 
Syngnathus fuscus 4 9 0 4.3 Paralichthys dentatus 4 12 2 6.0 
Brevoortia tyrannus 1 4 6.5 3.8 OJ:>sanus tau 4 11 0 5.0 
Table 159 (cont'd) 
Individuals Biomass 
June Year Year 
North Shoal 1 2 3 Avg. 1 2 3 Avg. 
Leiostomus xanthurus 20 16 18.0 Leiostomus xanthurus 19 19 19.0 
Anchoa mitchil1i 12 20 16.0 Anchoa mitchilli 6 16 11.0 
Paralichthys dentatus 8 4 6.0 Paralichthys dentatus 13 6 9.5 
Syngnathus fuscus 6 6 6.0 Trinectes maculatus 14 3.5 8.8 
Trinectes maculatus 4.5 3.2 3.9 Syngnathus fuse us 1 3 2o0 
Channel 
Leiostomus xanthurus 20 18 19.0 Leiostomus xanthurus 16 20 18.0 
Trinectes macu1atus 14 14 14.0 Trinectes maculatus 18 11 14.5 
Anchoa mitchilli 14 11 12.5 Micropogon undu1atus 5 ,14 9.5 
Micropogon undulatus 4 13 8.5 Paralichthys dentatus 11 6 8.5 
Paralichthys dentatus 5 4 4o5 Anchoa mitchilli 2 5 3.5 
.p.. 
South Shoal w w 
Leiostomus xanthurus 20 16 18.0 Leiostomus xanthurus 19 16 17.5 
Anchoa mitchi1li 7 20 13.5 Trinectes macu1atus 12 8 10.0 
Trinectes maculatus 9 8.5 8.8 Anchoa mitchilli 1 17 9.0 
Para1ichthys dentatus 6 4 5.0 Para1ichthys dentatus 9 7.5 8.3 
Micropogon undulatus 2 6 4o0 Micropogon undulatus 4 6 5.0 
Table 159 (cont'd) 
Individuals Biomass 
July Year Year 
North Shoal 1 2 3 Avg. 1 2 3 Avg. 
Leiostomus xanthurus 18 18 18.0 Leiostomus xanthurus 20 17 18.5 
Anchoa mitchilli 17 17 17.0 Trinectes maculatus 6 17 11.5 
Trinectes maculatus 7 11.5 9.3 Opsanus tau 6 8 7.0 
Opsanus tau 2 4.5 3.3 Micropogon undulatus 9 4 6.5 
Syngnathus fuscus 3 3 3.0 Anchoa mitchilli 5 6 5.5 
Channel 
Leiostomus xanthurus 12.5 20 16.3 Leiostomus xanthurus 19 19 19.0 
Trinectes maculatus 12.5 13 12.8 Trinectes macu1atus 14 11 12.5 
Micropogon undu1atus 12.5 5 8.8 Micropogon undulatus 7 10 8.5 
Anchoa mitchilli 6 8.5 7.3 Opsanus tau 5 8 6.5 





Leiostomus xanthurus 17 19 19.0 Leiostomus xanthurus 19 17 18.0 
Trinectes macu1atus 7 14 10.5 Trinectes maculatus 10 17 13.5 
Anchoa mitchi11i 9 9 9.0 Micropogon undu1atus 10 8.5 9.3 
Micropogon undu1atus 5 7 6.0 Centropristes striata 10 0 5.0 
Syngnathus fuscus 5 5 5.0 Para1ichthys dentatus 2 7 4.5 
Table 159 (cont'd) 
Individuals Biomass 
August Year Year 
North Shoal 1 2 3 Avg. 1 2 3 Avg. 
Leiostomus xanthurus 11 17 20 16.0 Leiostomus xanthurus 17 20 19 18.7 
Anchoa mitchilli 18 18 5 13.7 Trinectes macu1atus 5 11 15 13.7 
Trinectes maculatus 5 10 11 8.7 Paralichthys dentatus 10 1 10 7.0 
Bairdiella chrysura 10 3 1 4. 7 Micropogon undulatus 0 9 10 6.3 
Micropogon undulatus 0 0 9.5 3.2 Anchoa mitchilli 8 6 0 4.7 
Channel 
Leiostomus xanthurus 19 17 9.5 15.2 Leiostomus xanthurus 20 19 12 17.0 
Trinsctes maculatus 11 17 14 14.0 Trinectes macu1atus 14 17 17 16.0 
Micropogon undulatus 14 7 12 11.0 Micropogon undulatus 14 9 15 12.7 .p.. 
Anchoa mitchilli 5 7 19 10.3 Opsanus tau 5 7 3 5.0 v.> V1 
Cynoscion regalis 6 4 0 3.3 Anchoa mitchilli 0 4 7 3.7 
South Shoal 
Leiostomus xanthurus 10.8 16.5 18 15.1 Leiostomus xanthurus 12 17 19 16.0 
Anchoa mitchilli lQ 14.5 8 13.8 Trinectes maculatus 8 15 13 12.0 
Trinectes macu1atus 5 10.5 11 8.8 Paralichthys dentatus 6 8 7 7.0 
Micropogon undu1atus 2 5.5 10 5.8 Micropogon undulatus 2 7 11 6.7 
Paralichthys dentatus 3.8 3.5 4 3.8 Centropristes striata 8 0 6 4.7 
Table 159 (cont'd) 
Individuals Biomass 
September Year Year 
North Shoal 1 2 3 Avg. 1 2 3 Avg. 
Anchoa mitchilli 20 20 ~~ 20.0 Anchoa mitchilli 14 18 16.0 
Leiostomus xanthurus 8 16 12.0 Leiostomus xanthurus 9 15 12.0 
Trinectes maculatus 4.5 9 6.8 Trinectes maculatus 5 11 8.0 
Opsanus tau 5 6.8 5.9 Qpsanus tau 9 4 6.5 
Centropristes striata 9.5 0 4.8 Centropristes striata 12 0 6.0 
Channel 
Leiostomus xanthurus 13 13 13.0 Trinectes maculatus 13 19 16.0 
Trinectes maculatus 10 16 13.0 Leiostomus xanthurus 16 14 15.0 
Anchoa mitchilli 16 5 10.5 Micropogon undulatus 5 11 8.0 ~ 
Cynoscion regalis 10 8 9.0 Cynoscion regalis 8 4 6.0 w a-
Micropogon undulatus 2 14 8.0 Qpsanus tau 3 9 6.0 
South Shoal 
Anchoa mitchilli 20 20 20.0 Anchoa mitchilli 15 11 13.0 
Leiostomus xanthurus 4 13 8.5 Leiostomus xanthurus 4 16 10.0 
Trinectes maculatus 3 11.3 7.1 Trinectes maculatus 5 12 8.5 
Syngnathus floridae 8 0 4.0 Opsanus tau 6 8 7.0 
Opsanus tau 2 4 3.0 Paralichthys dentatus 6 5 5.5 
Syngnathus fuscus 6 0 3.0 
Table 159 (cont'd) 
Individuals Biomass 
October Year Year 
North Shoal 1 2 3 Avg. 1 2 3 Avg. 
Anchoa mitchilli 20 20 18 19.3 Leiostomus xanthurus 9 18 18 15.0 
Leiostomus xanthurus 5 16 17 12.7 Anchoa mitchilli 9 15 4 12.7 
Micropogon undulatus 0 10 7 5.7 Paralichthys dentatus 2 12 14 9.3 
Paralichthys dentatus 0 6.2 8 4.7 Synodus foete:J.s 0 2 7 3.0 
Syngnathus floridae 11 0 0 3.7 Syngnathus floridae 8.5 0 0 2.8 
Channel 
Anchoa mitchilli 17 19 6 14.0 Leiostomus xanthurus 19 19 4 14.0 
Leiostomus xanthurus 16 15 1 10.7 Trinectes macu1atus 5 16 17 12.7 
Micropogon undulatus 5 11 15 10.3 Micropogon lli~du1atus 6 11 17 11.3 
Trinectes maculatus 6 9 15 10.0 Cynoscion rega1is 4 8 6 6.0 +:--(.;..) 
Cynoscion regalis 3 4 14 7.0 Anchoa mitchilli 7 1 5 4.3 '-I 
Bairdie11a chrysura 11 2 0 4.3 
Paralichthys dentatus 2 5 6 4.3 
South Shoal 
Anchoa mitchilli 10 20 18 16.0 Leiostomus xanthurus 15 16 20 17.0 
Leiostomus xanthurus 12 10 18 13.3 Para1ichthys dentatus 6 8 14 9.3 
Micropogon.undu1atus 0 12 12 8.0 Anchoa mitchilli 7 14 5 8.7 
Para1ichthys dentatus 1.5 4 7 4.2 Micropogon undu1atus 0 6 6 4.0 
Bairdie11a chrysura 8.5 0 1 3.2 Synodus foetens 0 6 5 3.7 
Table 159 (cont'd) 
Individuals Biomass 
November Year Year 
North Shoal 1 2 3 Avg. 1 2 3 Avg. 
Anchoa mitchilli 14 20 17.0 Anchoa mitchilli 14 16 15.0 
Leiostomus xanthurus 0.5 14 7.3 Leiostomus xanthurus 1.5 16 8.7 
Micropogon undulatus 0 14 7.0 Paralichthys dentatus 0 9 4.5 
Menidia menidia 8 0 4.0 Menidia menidia 8 0 4.0 
Opsanus tau 5 1.5 3.3 Opsanus tau 3 5 4.0 
Channel 
Anchoa mitchil1i 18 14 16.0 Leiostomus xanthurus 19 14 16.5 
Leiostomus xanthurus 17 15 16.0 Micropogon undulatus 4 10 7.0 ..J:'-\..1.) 
Micropogon undulatus 10 16 13.0 Para1ichthys dentatus 9 5 7.0 00 
Para1ichthys dentatus 8 1 4.5 Trinectes macu1atus 3 10 6.5 
Trinectes macu1atus 2 6 4.0 Anchoa mitchilli 7 2 4.5 
South Shoal 
Anchoa mitchi11i 19 17 18o0 Leiostomus xanthurus 15 18 16.5 
Leiostomus xanthurus 12.5 17 14.8 Anchoa mitchilli 17 13 15.0 
Micropogon undulatus 6 14 10.0 Micropogon undu1atus 4 9 6.5 
Menidia menidia 8 0 4.0 Para1ichthys dentatus 0 8 4.0 
Trinectes maculatus 2 1.5 1.8 Trinectes maculatus 5 3 4.0 
Table 159 (cont'd) 
Individuals Biomass 
December Year Year 
North Shoal 1 2 3 Avg. 1 2 3 Avg. 
Anchoa mitchilli 11 (5)* 8_ 9.5 Anchoa mitchilli 10 (4) 7 8.5 
Micropogon undulatus 0 (0) 11 5.5 Morone americana 10 (0) 0 5.0 
Gobiosoma bosci 6.5 (0) 2.5 4.5 Menidia menidia 4 (4) 5 4.5 
Alosa aestivalis 8.5 (0) 0 4.3 Micropogon undulatus· 0 (0) 9 4.5 
Menidia menidia 3.5 (4) 5 4.3 Gobiosoma bosci 6 (0) 2 4.0 
ChaJl!lel 
Micropogon undulatus 13 (4) 20 16.5 Anchoa mitchilli 16 (3) 10 13.0 
Anchoa mitchilli 20 (3) 12.3 16.2 Micropogon undulatus 7 (4) 19 13.0 
Leiostomus xanthurus 3.2 (5) 7.3 5.3 Morone americana 14 (0) 4 9.0 ..,_ w 
Morone americana 9 (0) 0 4.5 Trinectes maculatus 9 (1) 4 7.5 1.0 
Alosa sapidissima 4 (0) 4 4.0 Leiostomus xanthurus 1 (5) 9 5.0 
South Shoal 
Anchoa mitchilli 20 (4) 9 14.5 Anchoa mitchilli 19 (4) 1(\ 14.5 .LV 
Micropogon undulatus 2 (2) 14 8.0 Micropogon undulatus 2.5 (2) 11.5" 7.0 
Menidia menidia 0 (5) 0 Marone americana 5 (0) 0 2.5 
Cyprinodon variegatus 0 (0) 4 2.0 Cyprinodon variegatus 0 (0) 4.5 2.3 
Morone americana 4 (0) 0 ZoO Symphurus plagiusa 0 (0) 4.0 2.0 
* partial sample (not used in computing mean) 
Table 159 (cont'd) 
Individuals Biomass 
January Year Year 
North Shoal 1 2 3 Avg. 1 2 3 Avg. 
Anchoa mitchilli 8.5 5 6.8 Anchoa mitchilli 8 5 6.5 
Apeltes guadracus 10 0 5.0 Menidia menidia 10 0 5.0 
Menidia menidia 9.5 0 4.8 Apel tes guadracus 9 0 4.5 
Alosa sapidissima 0 5 2.5 Alosa sapidissima 0 5 2.5 
Opsanus tau 5 0 2.5 Morone americana 5 0 2.5 
Opsanus ~ 0 5 2.5 
Channel 
Anchoa mitchilli 17 19 18.0 Anchoamitchilli 11 18 14.5 
Micropogon undulatus 10 17 13.5 Micropogon undulatus 2 14 8.0 
Menidia menidia 9 3 6.0 Trinectes maculatus 4 12 8.0 ~ ~ 
Alosa pseudoharengus 6 4.5 5.3 Morone americana 8 3 5.5 0 
Trinectes maculatus 4 4.5 4.3 Alosa pseudoharengus 8 2 5.0 
South Shoal 
Anchoa mitchilli 20 10 15.0 Anchoa mitchilli 15 10 12.5 
Menidia menidia 16 5 11.5 Menidia menidia 14 4 9.0 
Alosa aestivalis 4 3 3.5 Morone americana 5 5 5.0 
Morone americana 2.5 4 3.3 Alosa aestivalis 5 2.5 3.8 
Gobiosoma bosci 3 0 1.5 Gobiosoma bosci 3 0 1.5 
Table 159 (cont'd) 
Individuals Biomass 
February Year Year 
North Shoal 1 2 3 Avg. 1 2 3 Avg. 
Anchoa mitchilli 15 Anchoa mitchilli 15 
Gobiosoma ginsbergi 5 Gobiosoma ginsbergi 5 
Fundulus majalis 4 Fundulus majalis 4 
Paralichthys dentatus 3 Paralichthys dentatus 3 
Channel 
Anchoa mitchilli 20 Anchoa mitchilli 20 
Micropogon undulatus 16 Micropogon undulatus 12 
Menidia menidia 54 Menidia menidia 6 
Symphurus plagiusa 4. 9 Urophycis regius 5 ~ ~ 
Urophycis reg ius 3.9 Alosa sapidissima 4 t-' 
South Shoal 
Anchoa mitchilli 14.5 Anchoa mitchilli 12 
Paralichthys dentatus 8 Paralichthys dentatus 9 
Morone americana 3o5 Morone americana 5 
Micropogon undulatus 2 Micropogon undulatus 2 
Table 159 (cont'd) 
Individuals Biomass 
March Year Year 
North Shoal 1 2 3 Avg. 1 2 3 Avg. 
Anchoa mitchilli 19 20 19.5 Anchoa mitchilli 18 19 18.5 
Menidia menidia 5.3 8 6.6 Menidia menidia 5 9 7.0 
Apel tes guadracus 10.5 0 5.3 Apel tes guadracus 8 0 4.0 
Micropogon undulatus o· 4 2.0 Opsanus tau 5 0 2.5 
Opsanus tau 4 0 2.0 Micropogon undulatus 0 4 2.0 
Trinectes maculatus 4 0 2.0 
Channel 
Anchoa mitchilli 20 19 19.5 Anchoa mitchilli 19 17 18.0 
Urophycis regius 10.6 5 7.8 Trinectes maculatus 15 5 10.0 
Leiostomus xanthurus 0 14.5 7.3 Urophycis regius 13 5 9.0 -i=:' 
-i=:' 
Syngnathus fuscus 11.5 .5 6.0 Leiostomus xanthurus 2 15 8.5 N 
Trinectes maculatus 6.6 2 4.3 Alosa sapidissima 3 6 3.0 
South Shoal 
Anchoa mitchilli 15 20 17.5 Anchoa mi tchill i 15 14 14.5 
Syngnathus fuscus 6.5 2.5 4.5 Leiostomus xanthurus 0 9 4.5 
Leiostomus xanthurus 0 7.5 3.8 Sypgnathus fuscus 7 2 4.5 
Paralichthys dentatus 4 3.5 3.8 Paralichthys dentatus 4 3 3.5 
Micropogon undulatus 0 4 2.0 Alosa sapidissima 4 0 2 
Table 160, Numbers of individuals and biomass of fishes captured during trawl sampling of the lower York River 
April 1972 to December 1974 
Number of Individuals Biomass (Kg.) .. 
Year Year 
%of Cumulative %of 
Species 1 2 3 Total Total % 1 2 3 Total Total 
Anchoa mitchilli 26026 77365 30306 133697 64.13 64.13 26.945 46.630 27.108 100.683 6.432 
Leiostomus xanthurus 2852 20319 6969 30140 14.46 78.59 73.411 253.202 290.080 616.693 39.40 
Mictopogon undulatus 561 2987 22218 25766 12.36 90.95 21.459 38.290 60.836 120.585 7.704 
Trinectes maculatus 2533 3133 2433 8099 3.885 94.835 70.217 114.656 113.417 298,290 19.06 
Bairdiella chrysura 1229 202 73 1504 .721 95.556 17.758 7.648 2.279 27,685 1. 769 
Cynoscion regalis 340 430 565 1235 .592 96.148 10.866 16.981 13.503 41.350 2.642 
Paralichthys dentatus 111 461 427 999 .479 96.627 11.745 55.282 56.244 123.271 7.786 
Syngnathus fuscus 462 364 128 954 .458 97.085 ,538 .451 .222 1.211 .0774 
Urophycis regius 435 201 276 912 .437 97.522 2.474 3.878 2.757 9.109 .5820 
Apel tes guadracus 398 337 0 735 .352 97.874 .198 .220 o.o .418 ,0267 
Opsanus tau 265 278 114 657 .315 98.189 35.355 42.049 18.935 96.339 6.155 
Syngnathus floridae 405 53 57 515. .247 98.436 .291 .084 .079 .454 .0290 
Brevoortia tyrannus 43 330 138 514 .246 98.682 .921 .583 .759 2.253 .1446 
Symphurus plagiusa 31 34 414 479 .229 98.911 .623 .693 6.266 7.582: .4844 ~ 
Prionotus carolinus 289 134 38 461 .221 99.132 .549 .556 .124 1.229 .0785 ~ ..., 
Menidia menidia 99 185 144 428 ,205 99.337 .596 1.092 1.025 2.713 .1733 
Centropristis striata 265 22 97 384 .184 99.521 13.765 1.221 5.840 20.829 1.331 
Morone americana 128 36 15 179 .085 99.606 18.534 5.375 2.525 26.436 1.689 
Orthopristis chrysoptera 55 44 3 102 .048 99.654 .612 .564 .077 1.253 .0801 
Alosa pseudoharengus 71 18 7 96 ,046 99.700 1,032 .409 .425 1.866 .1192 
Anguilla rostrata 28 34 20 82 ,039 99.739 4.131 3,223 3.205 10.559 .6746 
Gobiosoma bosci 30 25 26 81 .038 99.777 .020 .036 .023 
.079 .0050 
Alosa sapidissima 24 35 20 79 ,037 99.814 .241 .243 .099 
.583 .0372 
Alosa aestivalis 49 26 2 77 .036 99.850 .194 .082 .128 .404 .0258 
Peprilus triacanthus 22 23 26 71 ,034 99.884 .829 .278 .226 1.333 .0852 
Prionotus evolans 3 33 23 59 ,028 99.912 .274 .388 .254 .916 . .0585 
Synodus foetens 3 28 25 56 .026 99.938 .177 2.978 1.481 4.459 .2849 
Anchoa hepsetus 19 30 0 55 .026 99.964 .082 .177 o.o 
.259 .0165 
Chaetodipterus faber 4 51 0 55 .026 99.990 .063 .443 o.o ,506 .0323 
HYpsciblennius ~ 16 17 14 47 .022 99.99 + ,165 .108 .145 .418 .0267 
Gobiesox strumosus 27 7 6 42 .020 ,039 .014 .012 .065 .0042 
Menticirrhus saxatilis 1 38 2 41 .019 .003 .158 ,004 ~.167 .0107 
Sphoeroides maculatus 30 6 2 38 .018 3.966 .702 ,104 4.779 .3053 
Peprilus paru 7 20 4 31 .014 .051 .146 .025 1,866 .1192 
Cynoscion nebulosus 26 2 2 30 .014 .156 .027 ,027 ,210 .0134 
Me~cirrhus americanus 3 15 11 29 .013 .047 .129 ,043 
.219 .0140 
Lagodon rhomboides 1 22 0 23 .011 .021 1.123 o.o 1,144 .0731 
Table 160 (continue.ri) 
Number of Individuals Biomass (Kg.) 
Year %of Cumulative Year %of 
Species 1 2 3 Total Total r. 1 2 3 Total Total 
Etro2us microstomus 17 4 1 '22 .on .034 .019 .002 ,055 .0035 
HiEEOC~US creetus 6 11 4 21 .010 .057 .116 .022 .195 .0125 
Ccnger Oceanicus 3 6 4 13 ,0062 .306 .286 .375 ,967 .0618 
Chilomycterus schoe2fi 1 3 7 11 .0053 .294 .741 .800 1.835 .1172 
Steriotomus ChEYSOES 8 3 0 11 .0053 .353 .079 0.0 .432 .0276 
Mordne saxati1is 6 4 0 10 .0048 2.108 .375 0.0 2.483 .0546 
Tautoga~ 1 6 3 10 .0048 .010 .189 .655 .854 .0546 
Chasmodes bosguianus 4 5 0 9 .0043 .006 .010 o.o .016 .00050 
Merluccius bilinearis 0 7 0 7 .0043 o.o .140 o.o .140 .. 0089 
Mycteroperca micro1epis 0 1 6 7 ,0034 o.o .088 .236 .324 .0207 
Pomatomus sa1tatrix 0 3 4 7 .0034 o.o .483 1.056 1. 532 .0983 
Gobiosoma ginsbergi 3 3 0 6 .0029 .002 .003 o.o .005 .00032 
Microgobius thal1asinnus 2 3 1 6 .0029 .001 .003 .001 ,005 .00032 
Astrosco2us guttatus 1 1 2 4 .0019 .098 .001 .103 .202 .0129 
Risso1a marginata 1 2 1 4 .0019 .006 .022 .021 .049 .0031 
Sciaeno2s ocellata 2 1 1 4 ,0019 .008 .004 .004 .016 .0010 t ScoEtha1mus 29uosus 2 2 0 4 .0019 .034 .048 0.0 .082 .0052 
Caranx fuscus 1 2 0 3 .0014 .062 .093 0.0 .105 .0067 
Dorosoma ce2edianum 1 0 2 3 .0014 .027 o.o .082 .109 .0070 
Fundulus heteroc1itus 0 3 0 3 .0014 o.o .007 0.0 .007 .00045 
Ste2hanole2is hisEidus 2 0 1 3 .0014 .013 o.o .010 .023 .0015 
Etro2us corssotus 1 1 0 2 .0010 .002 .003 0.0 .005 .00032 
Fundulus majalis 0 2 0 2 .0010 o.o 
.006 o.o .006 .0038 
Larimus fasciatus 0 2 0 2 .0010 0,0 
.005 o.o .005 .00032 
Menidia beEY1lina 0 2 0 2 ,0010 o.o 
.003 0.0 .003 .00019 
Pseudo2leuronectes americanus 1 1 0 2 .0010 .173 
.215 o.o .388 .0248 
Urophycis chuss 2 0 0 2 .0010 .076 o.o o.o .076 .0050 
Vomer seta2innis 1 0 1 2 .0010 .006 o.o .017 .023 .0015 
Alosa mediocris 0 1 0 1 .0005 0.0 
.132 o.o .132 .0084 Caranx h~wos 1 0 0 1 .0005 .025 o.o o.o .025 .0016 Chaetodon ocellatus 0 1 0 1 .0005 o.o 0.0 .005 .00032 
C1upea harengus 0 1 0 1 .0005 o.o .005 o.o .002 .00013 
Cyprinodon variegatus 0 0 1 1. .0005 o.o .002 .001 .001 .00006 
Dasyatis sabina 0 0 1 1 .0005 o.o 0.0 8.400 8.400 .5367 
Dasyatis sayi 1 0 0 1 .0005 20.000 0,0 o.o 20.000 1.278 
Eucinostomus argenteus 1 0 0 1 ,0005 .012 o.o o.o .012 .00077 
Fistu1aria tabacaria 1 0 0 1 ,0005 .004 o.o o.o .004 ,00026 
Gasterosteus aculeatus 1 0 0 1 ,0005 .001 0.0 o.o .001 ,00006 o.o 
-} ....... :r:-. 
• • • ....:..1.~ .• --· 
Table 160 (continued) 
Number of Individuals Biomass (Kg. ) 
Year v ........ _ .. 
'Yo of Cumulative ~~ ..... '7o of 
Species 1 2 3 Total Total % 1 2 3 Total Total 
lctalurus ~ 1 0 0 1 .0005 .097 0.0 o.o .097 .0062 
Lucani.a parva 0 1 0 1 .0005 o.o .001 o.o .001 .00006 
Petrornyzon marinus 0 1 0 1 ,0005 o.o .007 o.o .007 .00045 
Selene vomer 0 1 0 1 .0005 o.o .009 0.0 .009 .00057 
Syngnathus louisianae 0 1 0 1 .0005 o.o .010 o.o .010 .00064 
Total number of individuals = 208,470 Total Biomass ~ 1565.226 kg. 
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and tnnes sampled) and the contagious nature of fish distributions 
could account for most of the differences seen fro~ year to year in 
Table 158, in at least two cases there seem to have been changes too 
significant to have been sampling artifacts. The fourth most numerous 
fish the first year, Bairdiella chrysura, had dropped to tenth the second 
year and to thirteenth by the last; its catch per unit effort having 
dropped by 93%. While no conclusions concerning the cause of this 
decline may be directly inferred from these data, it is worth noting 
that two other Sciaenid fishes utilizing this area as a nursery 
ground, Micropogon undulatus and Leiostamus xanthurus, both underwent 
sharp increases in abundance during this period. Therefor~ it seems 
that competitive exclusion must be considered as a possibility. 
An even more dramatic change in abund~~ce was demonstrated by the 
fourspine stickleback, Apeltes quadracus, which was moderately abundant 
the first two years and then not taken at all in the third. In this 
case, however, a cause may be confinently hypothesized. In the field, 
it was noted that Apeltes was almost invariably taken in eel 
grass (Zostera marina) beds. Orth (1975) has documented the destruction 
of these beds in the lower York River during the summer of 1973, and 
a survey of the collection data shows while this fish was taken 
during every month sampled until August 1973, after that date only 
four individuals appeared in the catches. 
Dominant Species 
Anchoa mitchilli, as was evidenced by the bioindex rankings, 
was by far the most numerically dominant species. A comparison of 
Figures 98-99 with Figures 90-91 shows that this fish was for the most 
part responsible for the highest peaks in total fish abundance. It is 
evident from Figures 98-99 that the distribution of A. mitchilli in the 
study area is extremely contagious, both with respect to time of year 
and location in the river. Because of thi~ it is extremely hard to draw any 
conclusion concerning distribution patterns other than to note regular 
peaks of abundance in the fall. Since the data on this species are 
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Figure 98, Mean (retransformed ln(x + 1)) numbers of 
~ mitchilli per tow for cross-sectional 
1trata in the lower York River April 1972 
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Figure 99, Mean (retransformed ln(x + 1)) numbers of 
~ mitchilli per tow for longitudinal 
strata in the lower York River April 1972 
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between years, but it is notable that during the second year, when 
catches were apparently substantially higher, the average weight was 
about two-thirds that of the other two years. 
Le:iostomus xail.thurus, although less that one-fourth as abundant as 
the bay anchovy, accounted for over 6 times as much biomass (Table 
158). Unlike that of the anchovy, the distribution of spot showed a 
definite pattern (Figures 100-101). During all three years two peaks 
of abundance occurred, one in late May, as the juvenile fish moved 
up the river, and a second in early November as the reverse migration 
took place. It is readily apparent that the year class entering in 
May of 1973 ·was extremely stronger than those of the other two year& 
A calculation of the average size for each year confirms that this 
increase in abundance was indeed attributable to a strong 1973 year 
class. In 1972 the average weight per individual was 25.7 grams. It 
dropped to 12.5 g in 1973, indicating a large number of smaller fish, 
and then rose to 41.6 g in 1974. This in turn implies that a substantial 
number of larger fish entered the river that year, as would be expected 
with a year-·old class of exceptional strength. A spring migration of 
predominately older fish in 1974 is also supported by the fact that 
while the previous two migrations had occurred primarily in the shoals, 
. this one sa\17 the fish taken mostly in the channel. 
Micropogon undulatus exhibited a distribution pattern which 
was only slightly more coherent than that of !_. mitchilli (Figures 
102-103). ~rote that the scale for the third year is 2.5 tlines that 
of the first two years for the cross-sectional strata and 5 times that 
of the longitudinal strata. The late fall of the final year saw an 
influx of post-larval croakers which dwarfed previous numbers taken. 
There are three evident facts shown about the distribution of _!1. 
undulatus by Figure 102: they occurred prlinarily in the channel, they 
greatly increased in number throughout the study, and they achieved 
peaks of ab1mdance at a later time each year. A check of the average 
size shows that in the first year it was 38.3 g, in the second 12.8 g, 
and in the third 2. 7 g. This seems to indicate that during the study 
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Figure 100. Mean (retransformed ln(x + 1)) numbers of Leiostomus 
xanthurus per tow for cross-sectional strata in the 
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figu~e 101. Mean ~etransformed ln(x + 1)) numbers of Leiostomus 
.~thurus per tow for longitudinal strata in th_e_ 
lower York River April 1972 to December 1974. 
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Figure 102. Mean (retransformed ln(x + 1)) numbers of 
Micropogon undulatus per tow for cross-
sectional strata inthe lower York River 
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figure 103. Mean (retransfonned ln (x + l)) numbers of 
Micropogon undulatus per tow for longitudinal 














increasing percentages of post-larval,, late-arriving fish causing the 
time of peak abundance to be delayed each year. 
Trinectes maculatus showed a very consistent pattern of 
distribution (Figures 104-105). These fish occurred primarily in the 
channel in non-winter months, showing twin peaks of abundance each 
year, in April-May and September. Since there were only slight 
increases in their shoal abundance during mid-summer, it may be 
assumed that tbe bi-mcxiality of their distribution is a reflection of 
migration. There were consistently more hogchokers taken in the up-
stream stations(Figure 105). The catch per unit effort remained fairly 
constant (6.60, 6.09, and 7.55 individuals/tow for the respective years) 
but the average size increased from 27.7 to 36.6 to 46.6 grams/individual, 
indicating the 1972 year class or a previous one was stronger than 
successive ones. 
Paralichthys dentatus showed a sharp increase in abundance in 
the last two study years. Catch per unit,effort rose from .29 to .90 
to 1.33 individuals/tow over the three years, with average size increasing 
slightly (105 to 120 to 132 grams/individual). No clear pattern of 
distribution was evident from year to year (Figures 106-107), other 
than a concentration in the channel in late fall prior to the over 
winter reduction in abundance. This lack of pattern is not suprising 
considering the small number of individuals involved. 
Opsanus ~ was also present in such relatively low numbers 
that the lack of consistent local pattern from year to year (Figures 
108-109) is not surprising. Allowing for this increased variability 
it seems that they are fairly evenly distributed across the river 
during the wanner months but are concentrated in the channel in the 
early spring and late fall as they move in and out. There is a definite 
tendency toward increased concentrations upstream. Catch per unit 
effort steadily declined throughout the study (.69 to .54 to .35 
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Figure 104. Mean (retransformed ln(x + 1)) numbers of 
Trinectes maculatus per tow for cross-
sectional strata in the lower York River 
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Figure lOS, Mean (retransfonned ln(x + 1)) .m.mbers of 
Trinectes maculatus per taw for longitudinal 
strata in the lower York River April 1972 
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Figure lOb. Mean (retransfonned In (x + I)) mabers of 
Paralichthys ~ per tow for cross-
sectional strata in the lower York River 
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Figure 107. Mean (retransfonned ln(x +l)) numbers of 
Paralichthys dentatus for longitudinal 
strata in the lower York River April 1972 
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Figure 108. Mean (retransfonned ln(x + l)) m.anbers of Opsanus 
tau per tow for cross-sectional strata in the 
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Figure 109. Mean (retransfonned ln(x + l)) m.anbers of Opsanus 
tau per tow for longitudinal strata in the lower 
York River April 1972 to December 1974. 
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Conclusions 
The spatial and temporal distribution patterns of many of the 
species captured by beach seining and trawling were obscured by high 
sampling variances, due largely to contagion. Thus, much of the data 
interpretation regarding distribution is highly speculative. 
While distribution patterns were difficult to establish, 
dominant species at least for the size ranges captured by the gear, were 
readily identified. Several of these species showed large changes in 
abnndance from year to year due to differences in the strengths of 
successive year classes. Appreciation of this type of natural variation, 
Which can be· detected only over several years of sampling, is necessary 
in any attempt to detect the impact of a power plant discharge or other 
environmentaJ alternation. With the possible exception of the hogchoker 
(Trinectes maculatus) none of the dominant species exhibited any suit-
ability as an enviromnental monitoring organism, but the commnnity 
parameters as a group, influenced primarily by the abnndances of the 
most dominant species, showed remarkably consistent patterns. 
This project generated a large volume of data (specifically 
length frequencies, species distribution patterr:ts, and accompanying 
measurements of hydrographic parameter~) which, if adequately analyzed, 
could reveal a potentially vast number of useful inter-relationships 
between the organisms in question and their enviromnent and their 
interactions with one anohher. It is hoped that an opportnnity to 
pursue some of these possibilities may arise in the future, perhaps 
as part of a Phase III Yorktown Power Station Ecological Study. 
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